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Introductory  Note. 

■ 

^nr^HE  successful  education  of  the  man  in  the  shop  is  a  question 
of  vital  importance.  The  difficulties  under  which  he  toils 
in  his  struggle  for  advancement,  and  his  daily  labor,  render  im- 
possible the  usual  means  of  education,  and  prevent  the  attending 
of  a  resident  technical  school.  Probably  the  most  successful 
substitute  for  such  a  school  is  the  correspondence  method  of  in- 
struction. Thousands  of  mechanics  are  improving  their  conditions 
by  devoting  a  half  hour  each  day  in  systematic  study  under  the 
direction  of  men  who  have  had  long  experience  in  teaching,  and 
in  practical  shop  work.  There  are,  however,  many  who  cannot 
afiFord  the  time  and  expense  necessary  for  even  a  correspondence 
school  course.  For  such  the  Cyclopedia  of  Modern  Shop  Practice 
is  prepared. 

CL  This  Cyclopedia  is  compiled  from  the  most  practical  and  mo8t 
valuable  Instruction  Papers  of  the  American  School  of  Correspon- 
dence. These  Instruction  Papers  have  been  prepared  especially 
for  home  study  and  are  intended  primarily  for  such  work.  As 
their  extended  use  in  the  American  School  of  Correspondence  has 
proved  them  to  be  of  great  practical  value,  and  a  successful  means 
of  instruction,  they  form  a  reliable  treatise  on  the  subject  of  shop 
practice. 

€[»  The  correspondence  student  needs  a  thoroughly  technical  work 
free  from  superfluous  theory;  in  like  manner  the  reader  of  the 
Cyclopedia  must  have  the  necessary  theories  carefully  explained, 
and  the  results  of  practical  experience  clearly  pointed  out.  By 
giving  the  best  material  on  shop  practice  to  the  busy  man  in  the 
shop,  the  editors  hope  that  he  will  achieve  the  success  that  results 
from  a  combined  knowledge  of  theory  and  practice. 
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PART  I. 

Definition,  Machine  Design  is  the  art  of  mechanical  thought, 
development,  and  specification. 

It  is  an* art,  in  that  its  routine  processes  can  be  analyzed  and 
systematically  applied.  Proficiency  in  the  art  positively  cannot 
be  attained  by  any  "  short  cut  '*  method.  There  is  nothing  of  a 
spectacular  nature  in  the  methods  of  Machine  Design.  Large 
results  cannot  be  accomplished  at  a  single  bound,  ^nd  success  is 
possible  only  by  a  patient,  step-by-step  advance  in  accordance 
with  well-established  principles. 

"  Mechanical  thought "  means  the  thinking  of  things  strictly 
from  their  mechanical  side;  a  study  of  their  mechanical  theory, 
structure,  production,  and  use;  a  consideration  of  their  mechanical 
fitness  as  parts  of  a  machine. 

"Mechanical  development"  signifies  the  taking  of  an  idea  in 
the  rough,  in  the  crude  form,  for  example,  in  which  it  comes  from 
the  inventor,  working  it  out  in  detail,  and  refining  and  fixing  it  in 
shape  by  the  designing  process.  Ideas  in  this  way  may  become 
commercially  practicable  designs. 

"Mechanical  specification"  implies  the  detailed  description 
of  designs,  in  such  exact  form  that  the  shop  workmen  are  enabled 
to  construct  completely  and  put  in  operation  the  machines  repre« 
sented  in  the  designs. 

The  object  of  Machine  Design  is  the  creation  of  machinery 
for 'specific  purposes.  Every  department  of  a  manufacturing 
plant  is  a  controlling  factor  in  the  design  and  production  of  the 
machines  built  there.  A  successful  desitrn  cannot  be  out  of 
harmony  with  the  organized  methods  of  production.  Hence  in 
the  high  development  of  the  art  of  Machine  Design  is  involved  a 
knowledge  of  the  operations  in  all  the  departments  of  a  manu- 
facturing plant.  The  student  is  therefore  urged  not  only  to 
familiarize  himself  with  the  direct  production  of  machinery,  but  to 
study  the  relation  thereto  of  the  allied  commercial  departments. 
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lie  ghoTili)  get  into  tbe  spirit  of  liusinesa  at  tLe  start,  get  into  the 
shop  atmosphere,  execnte  his  work  just  as  though  the  resulting 
design  wtTo  to  be  built  and  sold  in  competition.  He  should  visit 
shopB,  work  in  theiu  if  possible,  and  observe  details  of  design  and 
methods  of  liuishing  machine  parts.  In  this  way  he  will  begin 
In  siore  lip  bits  of  information,  practical  and  commercial,  which 
will  have  valuable  btiariug  on  his  engineering  stnay. 

Tlie  labor  involved  in  the  design  of  a  complicated  automatic 
machine  is  evidenced  by  the  designer's  wonderful  familiarity  with 
its  every  detail  as  ho  stands  before  the  completed  uiachine  in 
operation  and  explains  its  niovenients  to  an  observer.  The  intri- 
cate mass  of  levers,  shafts,  pulleys,  gears,  cams,  clntehes,  etc.,  etc., 
packed  into  a  small  space,  and  confusing  even  to  a  mechanical 
mind,  seems  like  a  printed  book  to  the  designer  of  them. 

This  is  so  because  it  is  a  familiar  journey  for  the  designer's 
mind  to  run  over  a  path  which  it  has  already  traversed  so  many 
times  that  he  can  see  every  inch  of  it  with  his  eyes  shut.  Every 
detail  of  that  machine  has  been  picked  from  a  score  or  more  of 
possible  ideas.  One  by  one,  ideas  have  been  worked  out,  laid 
aside,  and  others  taken  up.  Little  by  little,  the  6|)ecial  fitness  of 
certain  devices  has  become  established,  but  only  by  patient,  care- 
ful consideration  of  others,  which  at  first  seemed  eijually  good. 

Every  line,  and  corner,  and  surface  of  each  piece,  however 
small  that  piece  may  be,  has  been  through  the  refining  process  of 
theoretical,  practical,  and  commercial  design.  Every  piece  has 
been  followed  in  the  mind's  eye  of  its  designer  from  the  crude 
material  of  which  it  is  made,  through  the  various  processes  of  fin- 
ishing, to  its  final  location  in  the  completed  machine;  thus  its* 
bodily  existence  there  is  but  the  realization  of  an  old  and  familiar 
picture. 

What  wonder  that  the  machine  seems  simple  to  the  designer 
of  it!  Aa  he  looks  back  to  the  multitude  of  ideas  invented, 
worked  out,  considered  and  discarded,  the  machine  in  its  final 
form  is  but  a  trifle.     It  merely  represents  a  survival  of  the  fittest. 

No  successful  machine,  however  simple,  was  ever  designed 
that  did  not  go  through  this  slow  process  of  evolution.  No 
machine  ever  just  simply  hap[>ened  by  accident  to  do  the  work 
for  which  it  ia  valued.     No  other  principle  upon  which  the  buc- 
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cessful  design  of  machinery  depends  is  so  important  as  this  careful, 
patient  consideration  of  detail.  A  machine  is  seldom  unsuccessfal 
because  some  main  point  of  construction  is  wrong.  The  principal 
features  of  a  machine  are  usually  the  easiest  to  determine.  It  is 
a  failure  because  some  little  detail  was  overlooked,  or  hastily  con- 
sidered, or  allowed  to  be  neglected,  because  of  the  irksome  labor 
necessary  to  work  it  out  properly. 

There  is  no  task  so  tedious,  for  example,  as  the  devising  of 
the  method  of  lubricating  the  parts  of  a  complicated  machine. 
Yet  there  is  no  point  of  design  so  vital  to  its  life  and  operation  as 
an  absolute  assurance  of  an  adequate  supply  of  oil  for  the  moving 
parts  at  all  times  and  under  all  circumstances.  Suitable  means 
often  cannot  be  found,  after  the  parts  are  together,  hence  the 
machine  goes  into  service  on  a  risky  basis,  with  the  result,  per- 
haps, of  early  failure,  due  to  "running  dry."  Good  designers 
will  not  permit  a  design  to  leave  their  hands  which  does  not  pro- 
vide practically  automatic  oiling,  or  at  least  such  means  of  lubri- 
cation that  the  operator  can  offer  no  excuse  for  neglecting  to  oil 
his  machine.  This  is  but  a  single  illustration  or  many  which 
might  be  presented  to  impress  the  definite  and  detail  character 
necessary  in  work  in  Machine  Design. 

Relation.  The  relation  which  Machine  Design  should  cor- 
rectly bear  to  the  problems  that  it  seeks  to  solve,  is  twofold;  and 
there  are,  likewise,  two  points  of  view  corresponding  to  this  two- 
fold relation,  from  which  a  study  of  the  subject  should  be  traced. 
Neither  of  these  can  be  discarded  and  an  eflicient  mastery  of  the 
art  attained.     These  points  are — 

L    Theory. 
n.    Production. 

I.  Theory.  From  this  point  of  view.  Machine  Design  is 
merely  a  skeleton  or  framework  process,  resulting  in  a  repre- 
sentation of  ideas  of  pure  motion,  fundamental  shape,  and  ideal 
proportion.  It  implies  a  working  knowledge  of  physical  and 
mathematical  laws.  It  is  a  strictly  scientific  solution  of  the 
problem  at  hand,  and  may  be  based  purely  on  theory  which  has 
been  reasoned  out  by  calculation  or  deduced  from  experiment. 
This  is  the  only  sure  foundation  for  intelligent  design  of  any  sort. 

But  it  is  not  enough  to  view  the  subject  from  the  standpoint 
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of  theory  alone.  If  we  stopped  here  we  should  have  nothing  but 
mechaniflins,  mere  laboratory  machines,  simply  structures  of 
ingenuity  an<l  examples  of  fine  mechanical  skill.  A  machine  may 
be  correct  in  the  theory  of  its  motions;  it  may  be  correct  in  the 
theoretical  proportions  of  its  parts;  it  may  even  be  correct  in  its 
operation  for  the  time  being;  and  yet  its  complication,  its  mis- 
directed and  wasteful  effort,  its  lack  of  adjustment,  its  expensive 
and  irregular  construction,  its  lack  of  compactness,  its  diflBculty 
of  ready  repair,  its  inability  to  hold  its  own  in  competition — any 
of  tlu^se  may  throw  the  balance  to  the  side  of  failure.  Such  a 
machine,  commercially  considered,  is  of  little  value.  No  shop 
will  build  it,  no  machinery  house  will  sell  it,  nobody  will  buy  it 
if  it  is  put  on  the  market. 

Thus  we  see  that,  aside  from  the  theoretical  correctness  of 
principle,  the  design  of  a  machine  must  satisfy  certain  other 
exacting  requirements  of  a  distinctly  business  nature. 

II.  Production.  From  this  point  of  view,  Machine  Design 
is  the  practical,  marketable  development  of  mechanical  ideas. 
Viewed  thus,  the  theoretical,  skeleton  design  must  be  so  clothed 
and  shaj)ed  that  its  production  may  be  cheap,  involving  simple 
and  etKcient  processes  of  manufacture.  It  must  be  judged  by  the 
latest  shop  methods  for  exact  and  maximum  output.  It  must 
possess  all  the  good  ])oints  of  its  competitor,  and,  withal,  some 
novel  and  valuable  ones  of  its  own.  In  these  days  of  keen  com- 
petition it  is  only  by  carefully  studied,  well-directed  effort  toward 
rapid,  efficient,  and,  therefore,  cheap  production  that  any  machine 
can  be  brought  to  a  commercial  basis,  no  matter  what  its  other 
merits  may  Ik>.  All  this  must  be  thought  of  and  planned  for  in 
the  design,  and  the  final  shapes  arrived  at  are  quite  as  much  a 
result  of  this  second  point  of  view  as  of  the  first. 

As  a  good  illustration  of  this,  may  be  cited  the  effect  of  the 
present  somewhat  remarkable  development  of  the  so-called  "  high 
speed'*  steels.  The  speeds  and  feeds  possible  with  tools  made  of 
these  steels  are  such  that  the  driving  power,  gearing,  and  feed 
meohauism  of  the  ordinary  lathe  are  wholly  inadequate  to  the 
demands  made  upon  them  when  working  the  tool  to  its  limit 
ISiIa  p"  ^mm^m,  of  design  as  used  for  the  onlinary  tool 

1  is  expected  to  stand  up  to  the 
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cuts  possible  with  the  new  steels.  Ilenoe,  while  the  old  designp 
were  right  for  the  old  standard,  a  new  one  has  been  set,  and  a 
thorough  revision  on  a  high-speed  basis  is  imminent,  else  the 
market  for  them  as  machines  of  maximum  output  will  be  lost. 

From  these  definitions  it  is  evident  that  the  designer  must 
not  only  use  all  the  theory  at  his  command,  but  must  continually 
inform  himself  on  all  processes  and  conditions  of  manufacture, 
and  keep  an  eye  on  the  tendency  of  the  sales  markets,  both 
of  raw  material  and  the  finished  machinery  product.  This  is 
what  in  the  broadest  sense  is  meant  by  the  term  "  Mechanical 
Thought,"  thought  which  is  directed  and  controlled,  not  only  by 
theoretical  principle  but  by  closely  observed  practice.  From  the 
feeblest  pretenders  of  design  to  those  engineers  who  consummate 
the  boldest  feats  and  control  the  largest  enterprises,  the  process 
which  produces  results  is  always  the  same.  Although  experience 
is  necessary  for  the  best  mechanical  judgment,  yet  the  student 
must  at  least  begin  to  cultivate  good  mechanical  sense  very  early 
in  his  study  of  design. 

Invention,  Invention  is  closely  related  to  Machine  Design, 
but  is  not  design  itself.  Whatever  is  invented  has  yet  to  be 
designed.  An  invention  is  of  little  value  until  it  has  been  refined 
by  the  process  of  design. 

Original  design  is  of  an  inventive  nature,  but  is  not  strictly 
invention.  Invention  is  usually  considered  as  the  result  of  genius, 
and  is  announced  in  a  flash  of  brilliancy.  We  see  only  the  flash, 
but  behind  the  flash  is  a  long  course  of  the  most  concentrated 
brain  effort.  Inventions  are  not  spontaneous,  are  not  thrown  off 
like  sparks  from  the  blacksmith's  anvil,  but  are  the  result  of  hard 
and  applied  thinking.  This  is  worth  noting  carefully,  for  the 
same  effort  which  produces  original  design  may  develop  a  valuable 
invention.  But  there  is  little  possibility  of  inventing  anything 
except  through  exhaustive  analysis  and  a  clear  interpretation  of 
such  analysis. 

Handbooks  and  Empirical  Data.  The  subject  matter  in 
these  is  often  contradictory  in  its  nature,  but  valuable  nevertheless. 
Empirical  data  are  data  for  certain  fixed  conditions  and  are  not 
general.  Hence,  when  handbook  data  are  applied  to  some  specific 
case  of  design,  while  the  information  should  be  used  in  the  freest 
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manner,  yet  it  must  not  be  forgotten  that  the  case  at  hand  is  prob- 
ably different,  in  some  degree,  from  that  upon  which  the  data  were 
based,  and  unlike  any  other  case  which  ever  existed  or  will  ever 
again  exist.  Therefore  the  data  should  be  applied  with  the  greatest 
discretion,  and  when  so  applied  will  contribute  to  the  success  of 
the  design  at  least  as  a  check,  if  not  as  a  positive  factor. 

The  student  should  at  the  outset  purchase  one  good  handbook, 
and  acquire  the  habit  of  consulting  it  on  all  occasions,  checking 
and  comparing  his  own  calculations  and  designs  therefrom.  Care 
must  be  taken  not  to  become  tied  to  a  handbook  to  such  an  extent 
that  one's  own  results  are  wholly  subordinated  to  it.  Independence 
in  design  must  be  cultivated,  and  the  student  should  not  sacrifice 
his  calcuhited  results  until  they  can  be  shown  to  be  false  or  based 
on  false  asHumption.  Originality  and  confidence  in  design  will  be 
the  result  if  this  course  be  honestly  pursued. 

Calculations,  Notes,  and  Records.  Accurate  calculations  are 
the  basis  of  correct  proportions  of  machine  parts.  There  is  a  right 
way  to  make  calculations  and  a  wrong  way,  and  the  student  will 
usually  take  the  wrong  way  unless  he  is  cautioned  at  the  start. 

The  wrong  way  of  making  calculations  is  the  loose  and  shift- 
less funhion  of  scratching  upon  a  scrap  of  detached  paper  marks 
and  ilgurt'B,  arranged  in  haphazard  form,  and  disconnected  and 
inconiplett*.  These  calculations  are  in  a  few  moments'  time  totally 
moaningloHs,  even  to  the  author  of  them  himself,  and  are  so  easily 
lost  or  mislaid  that  when  wanted  they  usually  cannot  be  found. 

KngiuiH^ring  calculations  should  always  be  made  systemati- 
cally, neatly,  and  in  jH^rfiHjtly  legible  form,  in  some  permanently 
bound  blank  lumk,  so  that  reference  may  always  be  had  to  them  at 
any  futum  time  for  the  j)urpo8e  of  checking  or  reviewing.  Put 
all  the  data  down.  l>o  i\ot  letive  in  doubt  the  exact  conditions 
under  which  the  ealoulatioua  wore  made.  Note  the  date  of  calcu- 
lation. 

l(  a  ntintake  in  ligun^s  is  made,  or  a  change  is  found  neces- 
sary, !\evor  rub  out  the  tigun^s  or  tear  out  the  loaf,  or  in  any  way 
obliteralo  the  tig\»i^^H.  iSimply  draw  a  bold  on>ss  through  the  wrong 
j>art  and  In^giu  agaii\.  iKtou  a  oalouljuion  which  is  supposed  to 
\h>  \vnu\g  in  bUor  nho\\n  to  Ih>  right,  or  the  faot^  which  caniw*' 
oriMr  may  In*  u^hhI^hI  (ur  inv\>»ligaUoi> 
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is  epent  in  making  fignreg  is  always  valuable  time,  time  too  pr». 
cious  to  be  thrown  away  by  destroying  the  record. 

The  recording  of  calculations  in  a  permanent  form,  as  jusi 
described,  is  the  general  practice  in  all  modern  engineering  offices. 
This  plan  has  been  established  pun^ly  as  a  business  policy.  In 
case  of  error  it  locates  responsibility  and  sfjttles  dispute.  Con. 
sistent  designing  is  made  possible  through  the  records  of  pasi 
designs.  Proposals,  estimates,  and  bids  may  often  bo  made 
instantly,  on  the  basis  of  what  these  record  books  show  of  sizes 
and  weights.  This  bookkeeping  of  calculations  is  as  important  a 
factor  of  eysteniatie  engineering  as  bookkeeping  of  business 
accounts  is  of  financial  success. 

The  student  shonld  procure  for  this  purpose  a  good  blank  book 
with  a  firm  binding,  size  of  pago  not  smaller  than  0  by  8  inches 
(perhaps  8  by  11  inches  may  be  better),  and  every  calculation.,  how- 
ever  small  and  apparently  unimportant,  shonld  be  made  in  it. 

Sample  pages  of  engineering  calculations  are  reproduced  io 
Figs.  3  to  y.  Note  the  sketch  showing  the  forces.  Note  the  clear 
BtatemeDt  of  data.  Nuta  the  systematic  writing  of  the  equations, 
ai^d  the  definite  substitutions  therein.  Noto  the  heavy  double 
underscoring  of  the  result,  wheu  obtained.  There  is  nothing  in 
the  whole  process  of  the  calculation  that  cannot  be  reviewed  at 
any  moment  by  anybody,  and  in  the  briefest  time. 

The  development  of  a  personal  note-book  is  of  great  value  to 
the  designer  of  machinery.  The  facts  of  observation  and  experi- 
ence recorded  in  proper  form,  bearing  the  imprint  of  intimate 
personal  contact  with  the  j)oint8  recorded,  cannot  be  equalled 
Id  value  by  those  of  any  hand  or  reference  book  made  by  another. 
There  is  always  a  flavor  about  a  j)eraonal  note-book,  a  sort  of 
goarantee,  which  makes  the  use  of  it  by  its  author  definite  and 
enre. 

The  habit  of  taking  ami  recording  notes,  or  even  knowing 
what  notes  to  take,  is  au  art  in  itself,  and  the  student  should 
l>egin  early  to  make  his  note-book.  Aside  from  the  value  of  the 
notes  themselves  as  a  part  of  Lis  personal  equipment,  the  facility 
with  which  his  eye  will  bo  trained  to  see  and  record  mechanical 
things  will  be  of  great  vahio  in  all  of  his  study  and  work.  How 
many  men  go  through  a  shop  and  really  see  nothing  of  the  opera- 


10  MACHINE  DESIGN 

tions  going  on  therein,  or,  seeing  them,  remember  nothing !  An 
Engineer,  trained  in  this  respect,  will  to  a  surprising  degree.be 
able  to  retain  and  sketch  little  details  which  fall  under  his  eye  for 
a  brief  moment  only,  while  he  is  passing  through  a  crowded  shop. 

Some  draftsmen  have  the  habit  of  copying  all  the  standard 
tables  of  the  various  offices  in  which  they  work.  While  these  are 
of  some  value  in  a  few  cases,  yet  this  is  not  what  is  meant  by  a 
good  note-book  in  the  best  sense.  Ideas  make  a  good  note-book, 
not  a  mere  tabulation  of  figures.  If  the  basis  upon  which  stan- 
dards are  founded  can  be  transferred  to  permanent  personal  record, 
or  novel  methods  of  calculation,  or  simple  features  of  construe- 
tion,  or  data  of  mechanical  tests,  or  efficient  arrangement  of 
machinery — if  these  can  be  preserved  for  reference,  the  note-book 
will  be  of  greatest  value. 

Whatever  is  noted  down,  make  clear  and  intelligible,  illus- 
trating by  a  sketch  if  possible.  Make  the  note  so  clear  that 
reference  to  it  after  a  long  space  of  years  would  bring  the  whole 
subject  before  the  mind  in  an  instant.  If  this  is  not  done  the 
author  of  the  note  himself  will  not  have  patience  to  dig  out  the 
meaning  when  it  is  needed;  and  the  note  will  be  of  no  value. 

METHOD  OF  DESIGN. 

The  fundamental  lines  of  thought  and  action  which  every 
designer  follows  in  the  solution  of  any  problem  in  any  class  of 
work  whatsoever,  are  four  in  number.  The  expert  may  carry  all 
these  in  mind  at  the  same  time,  without  definite  separation  into  a 
a  step-by-step  process;  but  the  student  must  master  them  in  their 
proper  sequence,  and  thoroughly  understand  their  application. 
In  these  four  are  concentrated  the  entire  art  of  Machine  Design. 
When  they  have  become  so  familiar  as  to  be  instinctively  applied 
on  any  and  all  occasions,  good  design  is  the  result.  The  only 
other  quality  which  will  facilitate  still  further  the  design  of  good 
machinery  is  experience;  and  that  cannot  be  taught,  it  must  be 
acquired  by  actual  work. 

I,  Analysis  of  Conditions  and  Forces.  First,  take  a  good 
square  look  at  the  problem  to  be  solved.  Study  it  from  all  sides, 
view  it  in  all  lights,  note  the  worst  conditions  which  can  possibly 
exist,  note  the  average  conditions  of  service,  note  any  special  or 
irregular  service  likely  to  be  called  for* 
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With  these  conditions  well  in  mind,  make  a  careful  analysis 
of  all  the  forces,  maximum  as  well  as  average,  which  may  be 
brought  into  play.  Make  a  rough  sketch  of  the  piece  under  con- 
sideration, and  put  in  these  forces.  Be  sure  that  these  forces  are 
at  least  approximately  right.  Go  over  the  analysis  carefully 
again  and  again.  Remember  that  time  saved  at  the  beginning 
by  hasty  and  poor  analysis  will  actually  be  time  lost  at  the  end; 
and  if  the  machine  actually  fails  from  this  reason,  heavy  financial 
loss  in  material  and  labor  will  occur.  Any  haste  toward  com- 
pletion of  the  structure  beyond  the  roughest  outline,  without  this 
careful  study  of  forces,  is  a  blind  leap  in  the  dark,  entirely  un- 
scientific, and  almost  certain  to  result  in  ultimate  failure. 

On  the  other  hand  this  principle  may  be  carried  too  far.  In 
trying  to  make  the  analysis  thorough  and  the  forces  accurate,  it  is 
quite  possible  to  consume  more  than  a  reasonable  amount  of  time. 
Again,  it  is  not  always  easy,  and  frequently  impossible,  to  deter- 
mine  exactly  the  forces  acting  on  a  given  piece.  But  their  nature^ 
whether  sudden  or  slowly  applied,  rapid  in  action  or  only  oc- 
curring at  intervals,  and  their  approximate  direction  and  magni- 
tude at  least,  are  always  capable  of  analysis.  There  are  few,  if 
any,  cases  where  close  assumptions  cannot  be  made  on  the  above 
basis  and  the  design  proceeded  with  accordingly.  Hence  the 
danger  of  too  great  refinement  of  analysis  is  simply  to  be  avoided 
by  the  designer's  plain  business  sense. 

The  first  tendency  of  the  student  is  to  pass  over  the  study  of 
the  forces  as. dull  and  dry,  and  attempt  the  design  at  once.  He 
soon  finds  himself  facing  problems  of  which  he  sees  no  possible 
solution,  and  he  bases  his  design  on  pure  guess-work.  This  is 
the  only  solution  possible  from  such  a  point  of  view,  and  is  really 
no  solution  at  all.  A  guess  which  has  some  rational  backing  is 
often  successful;  but  in  that  case  some  analysis  is  required,  and  it 
is  not  a  pure  guess,  but  falls  under  the  very  principle  we  are 
considering. 

There  is  no  short  cut  to  the  design  of  machine  parts  which 
avoids  this  full  understanding  of  the  forces  that  they  must 
sustain.  The  size  of  a  belt  depends  upon  the  maximum  pull 
upon  it,  and  the  designing  of  belts  is  nothing  but  providing 
sufficient  cross-section  of  leather  to  prevent  the  belt  tearing  under 
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tbe  pull.  Again,  if  pulley  arms  are  not  to  break,  or  shafla  twial 
off,  or  bolts  be  torn  ajiiirt,  or  the  teetli  of  gears  fail,  or  keys  and 
pins  shear  ofi,  we  must  first,  of  course,  find  out  what  forces  exist 
which  are  likely  to  produce  stresa  that  may  lead  to  suoh 
breakage,  "We  should  not  guess  at  the  sizes,  and  then  run  the 
machine  to  see  if  breakage  results,  and  then  guess  again.  Ma- 
chines are  sometimes  built  in  this  way,  but  it  is  an  unreasonable 
and  uncertain  method.  "We  must  use  e^ery  effort  to  foresee  the 
stress  which  a  piece  is  liable  to  receive,  before  we  decide  its  size. 
"W'e  must  know  all  the  forces  approximately,  if  not  positively. 
The  analysis  must  be  thorough  enough  to  permit  of  reasonable 
assumption,  if  not  positive  assertion.  It  is  manifestly  impossible 
to  solve  any  problem  until  we  know  exactly  what  the  problem  is; 
and  a  full  analysis  i"  the  statement  of  the  problem. 

3.  Theoretical  Design.  After  we  know  by  careful  analysis 
what  stress  the  machine  part  has  to  sustain,  the  next  step  is  so  to 
design  it  that  it  will  theoretically  resist  the  applied  forces  with 
the  least  exjienditure  of  material. 

We  often  see  machinery  with  the  metal  of  which  it  is  made 
distributed  in  the  worst  possible  manner.  In  places  where  the 
stress  is  heavy  and  a  rigid  member  is  needed,  we  find  a  weak, 
springy  part;  while  in  other  parts,  where  there  are  no  forces  to  he 
resisted,  or  vibration  to  be  absorbed,  there  seems  to  Tw  a  waste  of 
good  material.  "Whether  in  such  ease  the  analysis  of  the  forces 
was  poor,  or  perhaps  not  made  at  all,  or  whether  a  knowledge  of 
how  to  design  so  as  to  resist  the  given  forces  was  wboUy  absent, 
cannot  bo  told.  At  any  rate,  lack  of  either  or  both  is  clearly 
shown  in  the  result. 

Any  member  of  a  machine  may  vary  in  form  from  a  solid 
block  or  chunk  of  material  to  an  ojK-n  ribbed  structure.  The  solid 
chunk  fills  (he  requirement  as  far  as  strength  is  concerned,  uulesa 
it  is  so  heavy  as  to  fail  from  its  own  weight.  But  such  construc- 
tion is  poor  design,  except  in  cases  where  the  concentration  of  J 
heavy  mass  la  necessary  to  absoib  ref>ealed  blows  like  those  oE  i 


hammer.  The  possibility  of  thr 
been  determined  in  the  analysis;  ;i 
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etractore  can  be  made  vrliich  will  distribute  the  metal  where  it  is 
theoretifally  needed,  and  eai'li  fiber  will  tlien  snstain  its  proper 
share  of  tlie  load.  In  this  way  weight,  cost,  and  appfarance  are 
heeded;  and  the  servioe  of  the  piece  is  as  good  aa,  and  probably 
better  than,  it  would  be  with  the  clumsy,  solid  form. 

There  is  no  such  thing  aa  putting  too  much  theory  into  the 
design  of  mat-hinery.  The  strongest  trait  which  an  engineer  can 
have  is  absolute  faith  in  his  analysis  and  calculations,  and  their 
reproduction  in  his  theoretical  design.  Theoretical  design  is  an 
indication  of  ecientific  advance  in  the  art,  and  some  of  the  greatest 
steps  of  progress  which  have  been  made  in  recent  years  have  been 
accomplished  through  a  purely  theoretical  study  of  machine 
Btructure. 

It  will  never  do,  however,  to  be  satisfied  with  theoretical 
ilcbigQ  when  it  is  not  in  accord  with  modern  commercial  and  manu- 
facturing  considerations.  Hence  the  next  step  after  the  determina- 
tion of  the  theoretical  design  is  the  study  of  it  from  the  producing 
et^ndpotut. 

3.  Practical  Modification.  All  theoretical  design  viewed  from 
the  business  standpoint  is  worthless,  unless  it  bus  been  subjected 
to  the  test  of  cheap  and  efficient  production.  Each  machine  detail, 
though  correct  in  theory,  may  yet  he  improperly  shaped  and  unfit 
for  the  part  it  is  to  play  in  the  general  scheme  of  manufacture. 

The  conditions  here  involved  are  changeable.  What  is  good 
design  in  this  decade  may  be  bad  in  the  next.  In  this  light  the 
designer  must  he  a  close  student  of  the  signs  of  the  times;  he  must 
follow  the  march  of  progress,  closely  api'lying  existing  resources, 
conditions,  and  facilities,  otherwise  he  cannot  produce  up-to-date 
designs.  The  introduction  of  new  raw  materials,  the  cheapening 
of  production  of  others,  the  changing  of  shop  methods,  the  use  of 
special  machinery,  the  ojjening  of  new  markets,  the  development 
of  new  motive  agents,  —  all  these  and  many  others  are  constantly 
demanding  some  modification  in  design  to  meet  competition. 

Illustrative  of  this,  note  the  change  which  has  been  wrought 
by  the  development  of  electric  power,  the  rise  and  decline  of  the 
bicycle  business,  the  present  manufacture  of  automobiles,  the  last 
named  especially  with  reference  to  the  development  of  the  small 
motive  unit,  the  gasolene  engine,  the  steam  engine,  etc.     The 
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defiign  of  much  machinery  has  been  materiany  changed  to  meet 
the  exacting  demands  of  these  new  enterprises. 

Practical  modifications  of  desicrn  necessar>'  to  meet  the  limi- 
tations  of  construction  in  the  pattern  shop,  foundry,  and  machine 
shop  are  of  daily  application  in  the  designer's  work.  He  must 
keep  in  his  mind's  eye  at  all  times  the  workmen  and  the  processes 
they  use  to  create  his  designs  in  metal  in  the  shop. 

"  How  can  this  be  made  ? "  "  Can  it  be  made  at  all  ? " 
"Can  it  be  made  cheaply?"  "Will  it  be  simple  in  operation 
after  it  is  made  ? "  "  Can  it  be  readily  removed  for  repair  ? " 
"  Can  it  be  lubricated  ? "  "  How  can  it  be  put  in  place  ? "  "  How 
can  it  1x5  gotten  out?'*  "Will  it  be  made  in  small  quantities 
or  large  ? "  "  Will  it  sell  as  a  special  or  standard  machine  ? " 
etc.,  etc. 

The  consideration  of  such  questions  as  these  is  a  practical 
necessity  as  a  business  matter,  Ko  other  feature  affects  the 
design  of  machinery  more,  perhaps;  for  designs  which  cannot  be 
built  as  business  propositions  are  no  designs  at  all. 

Tlie  student,  it  is  tnie,  may  not  have  the  extended  shop 
knowledge  which  is  essential  to  this;  but  ho  can  do  much  for 
himselt  by  visiting  shops  whenever  possible,  getting  hold  of  shop 
ways  of  doing  things,  and  invariably  treating  his  work  as  a 
business  matter.  Though  a  man  may  not  be  a  pattern  maker, 
molder,  blacksmith,  or  machinist,  yet  he  can  soon  gain  ideas  of  the 
process(*s  in  each  of  these  branches  which  will  be  of  immense 
advantage  to  him  in  his  designing  work. 

4.  Delineation  and  Specification,  This  means  the  clear  and 
concise  rej)re8entation  of  the  design  by  mechanical  drawings. 

Tliis  is  as  much  a  part  of  the  routine  method  of  Machine  De- 
sign as  the  other  three  points  which  have  been  discussed.  The 
mere  act  of  putting  the  results  of  mechanical  thinking  on  paper  is 
one  of  the  greatest  helps  to  force  thinking  machinery  to  system- 
atic and  definite  action,  A  designer  never  thinks  very  long 
without  drawing  something,  and  the  student  must  bring  himself  to 
feel  that  a  drawing  in  its  first  sense  is  a  means  of  helping  his  own 
thought,  and  must  freely  use  it  as  such. 

In  its  second  and  final  sense,  the  drawing  is  an  order  and 
specification  sheet  from  the  designer  to  the  workman.     Design 
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whicli  stops  short  of  exact,  finished  delineation  in  the  form  of 
working  shop  drawings  is  only  half  done.  In  fact  the  possibility 
of  a  piece  being  thus  exactly  drawn  is  often  the  crucial  test  of  its 
feasibility  as  a  part  of  a  machine.  It  is  easy  to  make  general  out- 
lines, but  it  is  not  so  easy  to  get  down  to  finished  detail.  It  is 
safe  to  say  that  there  is  no  one  thing  productive  of  more  trouble, 
delay  and  embarrassment,  and  waste  of  time  and  money  in  the 
shop,  when  there  need  be  none  from  this  cause,  than  a  poor  detail 
drawing.  The  efficiency  of  the  process  of  design  is  not  fully  real- 
ized, and  failures  are  often  recorded  where  there  sliould  be  success, 
merely  because  the  indefiniteness  permitted  by  the  designer  in  the 
drawings  naturally  transmitted  itself  to  the  workman,  and  he  in 
turn  produced  a  part  indefinite  in  form  and  operation. 

The  actual  process  of  drawing  in  the  development  of  a  design 
may  be  outlined  as  follows  : 

Kough  sketches  merely  representing  ideas,  not  drawn  to  scale, 
are  first  made.  These  are  of  use  only  so  far  as  the  choice  of  me- 
chanical ideas  is  concerned,  and  to  carry  preliminary  dimensions. 

Following  these  sketches,  comes  a  layout  to  scale,  of  the 
favored  sketch,  a  working  out  of  the  relative  sizes  and  location  of 
the  parts.  This  drawing  may  be  of  a  sketchy  nature,  carrying  a 
principal  dimension  here, and  there  to  fix  and  control  the  detailed 
design.  In  this  drawing  the  design  is  developed  and  general  detail 
worked  out.  The  minute  detail  of  the  individual  parts  is,  however, 
left  to  the  subsequent  working  drawing. 

This  layout  drawing  may  now  be  turned  over  to  an  expert 
draftsman  or  detail  designer,  who  picks  out  each  part,  makes  an 
exact  drawing  of  it,  studying  every  little  detail  of  its  shape,  and 
finally  adds  complete  dimensions  and  specifications  so  that  the 
workman  is  positively  informed  as  to  every  point  of  its  construction. 

General  drawings  and  cross  sections  constitute  the  last  step 
in  the  process  of  complete  delineation.  These  show  the  parts 
assembled  in  the  complete  machine.  They  also  serve  a  valuable 
purpose  to  the  draftsman  in  checking  up  the  dimensions  of  the 
detail' drawings.  Errors  which  have  escaped  previous  notice  are 
often  discovered  in  this  way.  The  layout,  mentioned  above,  is 
sometimes  finished  up  into  a  general  drawing;  but  it  is  safer  to 
make  an  entirely  new  drawing,  as  changes  in  detail  are  often 
necessary  after  the  layout  ie  made 
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The  four  fundamental  lines  of  thought  aiiii  action  noted 
above  may  he  euiiimarized  thus — "analy-.^  and  theorize,  modify 
and  delineate."  This  is  a  maxim  easy  to  rfmemher,  applicable 
to  every  jirohlem  in  Machine  Design,  and  always  provides  the 
answer  to  the  question  "What  shall  I  do.  how  shall  I  proceed?" 
by  pointing  out  the  proyier  sequence  in  the  course  to  be  followed. 

CONSTRUCTIVE   MECHANICS. 

Meclianics  is  a  constructive  science,  its  principles  lying  at  the 
root  of  the  design  and  operation  of  all  machinery.  It  is  usually 
taught,  however,  as  an  advanced  mathematical  subject;  and  the 
student  gets  his  original  conceptions  of  forces,  moments,  and 
beams  in  the  abstract,  before  he  realizes  the  constructive  value  of 
such  conceptions.  By  "Constructive  Mechauics"  is  meant  the 
study  of  a  machine  purely  from  its  constructive  side,  the  viewing 
of  the  parts  with  respect  to  their  "  mechanics,"  and  satisfying  the 
■    requirements  of  the  same  in  form  and  arrangement. 

The  student  may  cultivate  this  habit  of  clear,  mechanical  per- 
ception by  constantly  noting  the  "  mechanics "  of  the  simple 
structures  which  he  sees  iu  his  daily  routine  of  work.  Aside 
from  machinery,  in  which  the  "mechanics"  is  often  obscure, 
the  world  is  full  of  simple  examples  of  natural  strength  and 
symmetry,  explainable  by  application  of  the  principles  of  pure 
"  mechanics," 

Posts  and  pillars  are  largest  at  their  bases;  overhanging 
brackets  or  arms  are  spread  out  at  the  fastening  to  the  wall; 
heavy  swinging  gates  are  counter- balanced  by  a  ponderous  weight; 
the  old-fashioned  well  sweep  carries  its  tray  of  stones  at  the  end, 
adjusting  the  balance  to  a  nicety;  these  are  examples  of  things 
depending  for  their  form  and  o|)enition  upon  the  principles  of 
"mechanics."  The  building  of  them  involved  "constructive 
mechanics,"  and  yet  their  constructor  perhaps  never  heard  of  the 
science,  using  merely  his  natural  sense  of  mechanical  fitness. 
Such  simple  reasoning  is,  however,  Constructive  Mechanics, 

Forces,  Moments,  and  Beams.     Machines  are  notlungb 
collection  of  (1)  parts  taking  direct  stress,  or  (2)  parts  m^SL* 
loaded   beams.     Forces   acting  «■/ 
Btrese  on  the  sustaining  part.     ^ 
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dtlce  »  rooment; 
therein  dependB 


tlie 


sustaining  member  is 
the  theory  of  beams, 


1  beam,  and  the  stress 


explained  in  "  Me- 
clianicB.'* 

An  example  of  the  first  [s  the  load  on  a  rope,  the  force  acting 
vithont  leverage,  and  the  rope  therefore  having  a  direct  etress  put 
upon  it. 

An  example  of  the  second  ia  a  pnah  of  the  hand  on  the  crank 
of  a  grindstone.  A  moment  is  produced  about  the  hub  of  thu 
crank;  the  arm  of  the  crank  is  a  beam,  and  the  stress  at  any  point 
of  it  may  be  found  by  the  method  of  theory  of  beams. 

Tension,  Compression,  and  Torsion.  The  stress  induced  in 
thti  sustaining  part,  whether  tensile,  compressive,  or  torsional,  is 
caused  by  the  application  of  forces,  either  acting  directly  without 
leverage,  oi"  with  leveragein  the  production  of  moments. 

The  forces  applied  from  external  sources  are  at  constant  war 
with  thi»  resisting  forces  due  to  the  strength  of  the  fibres  of  the 
mxterial  composing  the  machine  members.  The  moments  of  the 
(seternal  forces  are  constantly  exerted  against  and  balanced  by  the 
moments  of  the  interiiiil  resistance  of  the  material.  Uence, 
design,  from  a  strength  standpoint,  Is  merely  a  balancing  of 
internal  strength  against  external  force.  In  other  words,  we  may 
in  all  cases  write  a  eigti  of  equality,  place  the  applied  effort  ou 
line  Bide,  the  effective  resistance  on  the  other,  and  we  shall  have 
an  equation,  which,  if  capable  of  sfjlution,  will  give  the  proper 
l^portioDS  of  the  jutrts  considered. 

External  Force  =  Internal  Resistance. 
External  Moment  ^Internal  Moment  of  Resistance, 
iresaed  in  terms  of  the  "  Mechanics:" 

P=AS  (i) 

™     SI 


Bo 


(-) 


In  these  formulas,  which  are  perfectly  general, 
P=direetl(Hidin  pounds. 

■A  ul  effective  material,  in  square  incheg. 
_B=Working  fibre  strees  of  the  mat«riat  (teiBile,  compreasi»B,  or  ehpar- 
la  per  square  inch. 

tarnal  moment  (bending  or  torsional),  in  inch- pounds. 
'iirf\;t  or  polari,  o(  the  resisting  section. 

femotc  libre  of  the  roEiiiting  Eection  from  the 
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P  may  produce  direct  tensile,  comprosfiivo,  or  shearing  stress. 

B  may  proiluce  tensile  or  compressive  stress,  and  roquiresuso  of  direct 
moment  of  inertia  in  either  case. 

T  produces  shearing  stress,  and  requires  use  of  polar  moment  of 
inertia. 

The  origin  of  formula  (1)  ia  obvious,  the  assumption  being 
that  the  fibre  stress  is  equally  distribnted  to  every  particle  in  the 
area  "A." 

The  development  of  formiila(2)  is'given  in  any  text-book  in 
Mechanics.  It  requires  the  aid  of  the  Calcnlns,  however.  Any 
good  handbook  gives  values  for  both  the  direct  moment  of  inertia 
and  the  polar  moment  of  inertia  for  quite  a  large  variety  of  sections, 
BO  that  further  reference  is  an  easy  matter  for  the  student.  These 
values  are  also  obtained  through  the  methods  of  the  Calculus. 

The  reason  for  introducing  these  formulas  at  this  time  is  to 
call  the  attention  of  the  student  especially  to  the  fact  of  their 
universal  and  fundamental  use  in  all  problems  concerning  the 
strength  of  machine  parts.  Nearly  every  computation  may  he 
reduced  to  or  expanded  from  these  two  simple  equations.  Many 
complex  combinations  occur,  of  course,  which  will  not  permit  sim- 
ple and  direct  application  of  these  formulas,  but  the  student  will 
do  well  to  place  himself  in  perfect  command  of  these  two.  Assuming 
that  he  is  able  to  analyze  forces,  and  compute  the  simple  moment 
at  the  point  where  he  wishes  to  find  the  strength  of  section,  the 
rest  is  the  mere  insertion  of  the  assumed  working  fibre  stress  of 
the  material  in  the  formula  (2)  above,  and  solution  for  the  quantity 
desired. 

When  the  case  is  one  of  combined  stress,  the  relation  becomes 
more  complicated  and  difhcult  of  analysis  and  solution.  The  moat 
common  case  is  where  bending  is  combined  with  torsion,  as  in  the 
case  of  a  shaft  transmitting  power,  and  at  the  same  time  loaded 
transvt'rsfly  between  bearings.  In  fact  there  are  very  few  casen  o 
shafts  in  luachines,  which,  at  some  part  of  their  lengtli,  do  I 
have  this  combined  stress.  In  this  case  the  method  ot^ 
is  to  tind  the  sim|)Ie  bending  mooiMt 
moment  Ee|}arately,  in  the  urdinu 
elasticity  furuishca  us  witli  a  fiirmatlt"J 
or  an  e(]uivalent  tureioDal  niomBOti 
the  same  effect  u]>on'  tha  £ 
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action  of  the  two  simple  moments  acting  together.  In  other 
words,  the  separate  moments  combined  in  action,  being  impossible 
of  solution  in  that  form,  are  reduced  to  an  equivalent  simple 
moment  and  the  solution  then  becomes  the  same  as  for  the  prev- 
ious case. 

These  equivalent  equations  are  given  below,  the  subscript  "e" 
being  added  to  express  separation  from  the  simple  moment: 

B~+i^^/W+T        (3) 
T,=B+r/W+V  (4) 

Bq  and  Tg,  found  from  these  equations,  are  the  external  mo- 
ments, and  are  to  be  equated  to  the  internal  moments  of  resistance 
of  the  section  precisely  as  if  they  were  simple  bending  or  torsional 
moments.  Either  may  be  used.  For  shafts  (4)  is  generally  used, 
being  the  simpler  of  the  two  in  form. 

FRICTION  AND   LUBRICATION. 

The  parts  of  a  machine  which  have  no  relative  motion  with 
regard  to  each  other  are  not  dependent  upon  lubrication  of  their 
surfaces  for  the  proper  performance  of  their  functions.  In  cases 
where  relative  motion  does  occur,  as  between  a  planer  bed  and  its 
ways,  a  shaft  and  its  bearing,  or  a  driving  screw  and  its  nut, 
friction,  and  consequent  resistance  to  motion,  will  inevitably 
occur.  Ileat  will  be  generated,  and  cutting  or  scoring  of  the 
surfaces  will  take  place  if  the  surfaces  are  allowed  to  run  together 
dry. 

This  diflSculty,  w'hich  exists  with  all  materials,  cannot  be 
overcome,  for  it  is  a  result  of  roughness  of  surface,  characteristic 
of  the  material  even  when  highly  finished.  The  problem  of  the 
designer,  then,  is  to  take  conditions  as  he  finds  them,  and,  as  he 
cannot  change  the  physical  characteristics  of  materials,  so  choose 
those  which  are  to  rub  together  in  the  operation  of  the  machine 
that  friction  will  be  reduced  to  the  lowest  possible  limit.  Now  it 
fortunately  happens  t?Iiat  there  are  certain  agents  like  oil  and 
graphite,  which  seem  to  fill  up  the  hollows  in  the  surface  of  a 
solid  material,  and  which  themselves  have  very  little  friction  on 
other  substances.  Hence,  if  a  machine  permits  by  its  design  an 
automatic  supply  of  these  lubricating  agents  to  all  surfaces  having 
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motion  between  them,  friction  may  be  reduced  to  the  lowest  limit. 

If  this  full  supply  of  lubricant  be  secured,  and  the  parts  still 
heat  and  cut,  then  the  fault  may  be  traced  to  other  causes,  such  as 
springy  surfaces,  localization  of  pressure,  or  insufficient  radiating 
surface  to  carry  away  the  heat  of  friction  as  fast  as  it  is  generated. 

Lubricating  agents  are  of  a  nature  running  from  the  solid 
graphite  form  to  a  thick  grease,  then  to  a  heavy  dark  oil,  and 
finally  to  a  thin,  fluid  oil  flowing  as  freely  as  water.  The  solid  and 
heavy  lubricants  are  applicable  to  heavily  loaded  places  where  the 
pressure  would  squeeze  out  the  lighter  oils.  Grease,  forced  be- 
tween the  surfaces  by  compression  grease  cups,  is  an  admirable 
lubricator  for  heavy  machinery  under  severe  service.  High-speed 
and  accurate  machinery,  lightly  loaded,  requires  a  thin  oil,  as  the 
fits  would  not  allow  room  for  the  heavier  lubricants  to  find  their 
way  to  the  desired  spot.  The  ideal  condition  in  any  case  ia  to 
have  a  film  of  lubricant  always  between  the  surfaces  in  contact, 
and  it  is  this  condition  at  which  the  designer  is  always  aiming  in 
his  lubricating  devices. 

Oil  ways  and  channels  should  be  direct,  ample  in  size, 
readily  accessible  for  cleaning,  and  distributing  the  oil  by  natural 
flow  over  the  full  extent  of  the  surface.  Hidden  and  remote 
bearings  must  be  reached  by  pipes,  the  mouths  of  which  should 
be  clearly  indicated  and  accessible  to  the  operator  of  the  machine. 
Such  pipes  must  be  straight,  if  possible,  and  readily  cleaned. 

There  is  one  practical  principle  affecting  the  design  of 
methods  of  lubrication  of  a  machine  which  should  be  borne  in 
mind.  This  is,  "  Neglect  and  carelessness  by  the  operator  mu^t 
be  provided  for."  It  is  of  no  use  to  say  that  the  ruination  of  a 
surface  or  hidden  bearing  is  due  to  neglect  by  the  operator,  if  the 
means  for  such  lubrication  are  not  perfectly  obvious.  This  is 
"locking  the  door  after  the  horse  is  stolen."  The  designer  has 
not  done  his  duty  until  he  has  made  the  scheme  of  lubrication  so 
plain  that  every  part  muHi  receive  its  proper  supply  of  oil,  except 
by  gross  and  willful  negligence,  for  which  there  can  be  no 
possible  just  excuse. 

WORKING  STRESSES  AND  STRAINS. 

Some  persons  object  to  the  use  of  these  terms,  as  on'e  is 
frequently  used  for  the  other,  and  misunderstanding  results.   This 
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is  doubtless  'true;  but  the  student  may  as  well  learn  the  true 
relation  of  the  terms  once  for  all,  because  he  will  frequently  run 
across  them  in  his  reading  and  reference  work,  and  should  inter- 
pret  them  rightly.    The  strict  relation  of  the  two  is  as  follows: 

Stress  is  the  internal  force  in  a  piece  resisting  the  external 
force  applied  to  it.  A  weight  of  ten  pounds  hanging  on  a  rope 
produces  a  stress  of  ten  pounds  in  the  rope. 

Strain  is  the  change  of  shape,  or  deformation,  in  a  piece 
resisting  an  external  force  applied  to  it.  If  the  above  weight  of 
ten  pounds  stretches  the  rope  \  inch,  the  strain  is  J  inch. 

Unit  stress  is  stress  per  unit  area,  e.  g.,  per  square  inch. 

Unit  strain  is  strain  per  unit  length,  e.  g.,  per  inch  length. 

In  the  abovo  case,  if  the  rope  were  J  square  inch  in  area 
and  30  inches  long,  the  unit  stress,  or  intensity  of  stress,  is 
10-7-^=20  pounds  per  square  inch;  the  unit  strain  is  J-^-30=-j-^ 
inch  per  inch. 

When  stress  is  induced  in  a  piece,  the  strain  is  practically 
proportional  to  the  stress  for  all  values  of  the  stress  below  the 
elastic  limit  of  the  material;  and  when  the  external  load  is  re- 
moved the  strain  will  entirely  disappear,  or  the  recovering  power 
of  the  material  will  restore  the  piece  to  the  original  length. 

Illustrating  by  the  case  above,  on  the  supposition  that  the 
elastic  limit  has  not  been  reached  by  the  stress  of  20  pounds  per 
square  inch,  if  the  load  of  10  pounds  were  taken  off,  the  J-inch 
strain  would  disappear  and  the  rope  return  to  its  original  length; 
if  the  load  were  changed  to  J  of  10  pounds,  or  5  pounds,  the 
strain  would  be  i  of  J  inch,  or  J  inch. 

Now  it  is  found  that  if  we  wish  a  piece  to  last  in  service  for 
a  long  time  without  danger  of  breakage,  we  must  not  permit  it 
to  be  stressed  anywhere  near  the  elastic  limit  value.  If  we  do, 
although  it  will  probably  not  break  at  once,  it  is  in  a  dangerous 
condition,  and  not  well  suited  to  its  requirement's  as  a  machine 
member.  The  technical  name  for  this  weakeninor  effect  is  "fa- 
tigue."  It  is  further  found  that  the  fatigue  due  to  this  repeated 
stress  is  reached  at  a  lower  limit  when  the  stress  is  alternating  in 
character  than  when  it  is  not.  In  other  words,  if  we  first  pull  on 
a  piece  and  then  push  on  it,  we  shall  first  have  the  piece  in  tension 
and  tken  in  compression*  this  alternation  of  stress  repeated  to 
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near  the  elastic  limit  of  the  material  will  fatigae  it,  or  wear  out 
the  fibres,  and  it  will  finally  fail.  If,  however,  we  first  pull  on 
the  piece  with  the  same  force  as  before,  and  then  let  go,  we  shall 
first  have  the  piece  in  tension  and  then  entirely  relieved;  such 
repetition  of  stress  will  finally  "  fatigue  "  the  material,  but  not  so 
quickly  as  in  the  first  case.  Experiments  indicate  that  it  may 
take  twice  as  many  applications  in  the  latter  case  as  in  the  former. 

The  working  stress  of  materials  permissible  in  machines  is 
based  on  the  above  facts.  The  breaking  strength  divided  by  a 
liberal  factor  of  safety  will  not  necessarily  give  a  desirable  work- 
ing stress.  The  question  to  be  answered  is,  "  Will  the  assumed 
working  fibre  stress  permit  an  indefinite  number  of  applications 
of  the  load  without  fatiguing  the  material  ? '' 

Hence  we  see  that  the  same  material  may  be  safely  used  under 
different  assumptions  of  working  stress.  For  example,  a  rotating 
shaft,  heavily  loaded  between  bearings,  acts  as  a  beam  which  in 
each  revolution  is  having  its  particles  subjected,  first  to  a  maxi- 
mum tensile  stress,  and  then  to  a  maximum  compressive  stres's. 
This  is  obviously  a  very  different  stress  from  that  which  the  same 
piece  would  receive  if  it  were  a  pin  in  a  bridge  truss.  In  the 
former  we  have  a  case  where  the  stress  on  each  particle  reverses  at 
each  revolution,  while  in  the  latter  wo  have  merely  the  same  stress 
recurring  at  intervals,  but  never  becoming  of  the  opposite  char- 
acter. For  ordinary  steel,  a  value  of  8,000  would  be  reasonable  in 
the  fonner  case,  while  in  the  latter  it  may  be  much  higher  with 
safety,  perhaps  nearly  double. 

From  the  facts  stated  above,  it  is  evident  that  exact  values  for 
working  fibre  stress  cannot  be  assumed  with  certainty  and  applied 
broadly  in  all  cases.  If  the  elastic  limit  of  the  material  is  defi- 
nitely known  we  can  base  our  working  value  quite  surely  on  that. 

With  but  a  general  knowledge  of  the  elastic  limit,  ordinary 
steel  is  good  for  from  12,000  to  15,000  pounds  per  square  inch 
non -reversing  stress,  and  8,000  to  10,000  reversing  stress.  Cast 
iron  is  such  an  uncertain  metal  on  account  of  its  variable  structure 
that  stresses  are  always  kept  low,  say  from  3,000  to  4,000  for  non- 
reversing  stress,  and  1,500  to  2,500  for  reversing  stress. 

With  these  values  as  a  guide,  and  the  special  conditions  con- 
trolling each  case  carefully  studied,  reasonable  limits  may  be 
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assigned  for  working  stress^  not  only  of  steels,  various  grades  of 
cast  iron,  and  mixtures  of  the  same,  but  of  other  alloys,  brass, 
bronze,  etc.  Gun  metal,  semi-steel,  and  bronze  are  intermediate 
in  strength  between  cast  iron  and  steel.  Data  on  the  strength  of 
materials  are  available  in  any  of  the  handbooks,  and  should  be  con- 
sulted freely  by  the  student.  They  will  be  found  somewhat  con- 
flicting, but  will  assist  the  judgment  in  coming  to  a  conclusion. 

Application  to  Practical  Case.  In  actual  practice  the  only 
information  which  the  designer  has,  upon  which  to  base  his  design, 
is  the  object  to  be  accomplished.  He  must  choose  or  originate 
suitable  devices,  develop  the  arrangement  of  the  parts,  make  his 
own  assumptions  regarding  the  operation  of  the  machine,  then 
Analyze  and  Theorize^  Modify  and  Delineate  each  detail  as 
he  meets  it. 

This,  it  will  be  found,  is  a  very  different  matter  from  taking 
some  familiar  piece  of  machinery,  such  as  a  pulley,  or  a  shaft,  or 
a  gear,  as  an  isolated  case,  the  load  being  definitely  given,  and 
proceeding  with  the  design.  This  is  easily  done,  but  is  only  half 
the  problem,  for  machine  parts,  such  as  pulleys,  gears,  and  shafts, 
do  not  confront  the  designer  tagged  or  labeled  with  the  conditions 
they  are  to  meet.  He  is  to  provide  parts  to  meet  the  specific  con- 
ditions, and  it  is  as  much  a  part  of  his  designing  method  to  know 
how  to  attack  the  design  of  a  machine  as  it  is  to  know  how  to 
design  the  parts  in  detail  after  the  attack  has  reduced  the  members 
to  definitely  loaded  structures.  The  whole  process  must  be  gone 
through,  the  preliminary  sketches,  calculations,  and  layout,  all  of 
which  precede  the  detail  design  and  working  drawings;  and  no  step 
of  the  process  can  be  omitted. 

It  is  for  this  reason  that  the  present  case  used  for  illustration 
is  carried  out  quite  thoroughly.  The  student  should  make  himself 
familiar  with  every  step  of  the  designing  method  as  applied  to  this 
simple  case  of  design.  More  complex  problems,  handled  in  the 
same  way,  will  simplify  themselves;  and  when  the  point  is  reached 
where  confidence  exists  to  take  hold  of  the  design  of  any  machine, 
however  unfamiliar  its  object  may  be,  or  however  involved  its 
probable  detail  appears,  the  student  has  become  the  true  designer. 
It  is  the  knowing  how  to  attack  a  problem,  to  start  definite  work 
on  it,  to  go  ahead  boldly,  confident  that  the  method  applied  will 
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produce  results,  that  gives  comuiaudjif  the  deeigii  of  machlDeiy 
and  wins  engineering  Bucceaa. 


:i5-^ 


Tlio  sjiiH.'ial  atso  whii'h   Ima   bot-n  chosen   to  itlustrate  the 
applicatiuu  of  the  prinvipios  8tatt.>d  iu  tht>  fun-going  pigi'd  is  ideal, 
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in  that  it  does  not  represent  any  actual  machine  at  present  in 
operation.  Probably  builders  of  hoisting  machinery  have  devices 
which  would  improve  the  machine  as  shown.  In  detail,  as  well 
as  arrangement,  they  could  doubtless  make  criticism  as  manufac- 
turers.  The  arrangement  as  shown  is  merely  intended  to  bring 
out  in  simplest  form  the  common  elements  of  transmission  ma- 
chinery as  parts  of  some  definite  machine,  instead  of  as  isolated 
details.  The  design  is  one  entirely  possible,  practical,  and  me- 
chanical, but  special  attention  has  been  paid  to  simplicity  in  order 
to  enable  the  student  to  follow  the  method  closely,  for  the  method 
is  the  chief  thing  for  him  to  acquire. 

The  student  is  expected  to  refer  constantly  to  Part  II  for  a 
more  formal  and  general  discussion  of  the  simple  machine  ele- 
ments involved  in  the  case  considered.  Part  II  is  intended  to  be 
a  simplified  and  condensed  reference  book,  carried  out  in  accord- 
ance with  the  method  of  machine  design  as  specified  in  Parti. 
The  student  should  not  w^ait  until  he  has  completed  the  study  of 
this  part  before  taking  up  Part  II,  for  the  latter  is  intended  for 
use  with  the  former  in  the  solution  of  the  problems. 

In  the  case  of  power  transmission  about  to  be  studied,  the 
running,  conversational  method  employed  assumes  that  the  student 
is  in  possession  of  the  matter  in  Part  II  on  the  subject  considered. 
Thus,  in  the  design  of  the  pulley,  reference  to  the  subject  of 
"  Pulleys  "  in  Part  II  is  necessary  to  follow  the  train  of  calcula- 
tion; in  designing  the  gear,  consult  "Gears;"  in  calculating  size 
of  shafts,  see  "  Shafts,'*  etc.,  etc. 

Problem.  A  machine  is  to  be  designed  to  be  set  on  the  floor 
of  a  building  to  drive  a  wire  rope  falling  from  the  overhead 
sheaves  of  an  elevator  or  hoist.  Without  regard  to  details  of  this 
overhead  arrangement,  for  its  design  would  be  a  separate  problem, 
suppose  that  the  data  for  the  rope  are  as  follows: 

Load  on  rope 5,000  pounds. 

Speed  of  rope 150  feet  per  minute. 

Length  of  rope  to  be  reeled  in 200  feet. 

We  shall  further  assume  that  the  driving  power  is  to  be  an 
electric  motor  belted  to  the  machine,  that  the  required  speed 
reduction  can  be  satisfactorily  obtained  by  a  single  pair  of  pulleys 
aod  one  pair  of  gears,  and  that  a  plain  band  brake  is  to  be  applied 
to  the  drum. 
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With  this  data  -we  Bball  proceed  to  work  oat  the  detail  design 
of  the  machine. 

Preliminary  Sketch.  The  first  thing  to  do  la  to  sketch 
roughly  the  proposed  arrangement  of  the  machine. 

This  might  appear  like  Fig.  1  except  that  it  wonld  have  no 
dimensions  in  addition  to  the  data  given  above.  If-  the  scheme 
seems  suitable,  the  next  step  is  to  make  such  preliminary  calcola- 
tions  as  will  give  further  data,  exact  or  closely  approximate  sizes, 
to  be  put  at  once  on  the  sketch,  to  outline  the  future  design. 

Rope  and  Drum.     Referring  to  tables  of  strength  of  wire  rope 

(Kent's  Pocket  Book  gives  the  manufacturers'  list),  we  find  that 

a  ^-inch  cast-steel  rope  will  carry  5,000  pounds  safely,  and  that  the 

proper   size  of  drum  to  avoid 

excessive   bending  of   the  rope 

around  it  is  27  inches  diameter. 

Allowing  J  inch  between  the 

coils  %s  the   rope  winds  on  the 

drum,  the  pitch  of  coil  will  be 

^  inch  as  shown  in  sketch,  Fig. 

2.     The  length  of  one  complete 

„      27  X  3.1416 
coil  IS,  practically,  r^ Pig.  2. 

=7.07  feet.    To  provide  for  200feet  will  require  s-Qy=28+ coils. 

To  be  safe,  let  us  provide  for  30  coils,  for  which  a  length  of  dram 
(30x|)  +  |^^23^  inches  is  required. 

The  space  fur  brake  stra]>  may  be  assumed  at  5  inches,  and  the 
thickness  to  provide  necessary  strength  determined  later  in  the 
design.  The  frictional  surface  of  the  strap  may  be  of  basswood 
blocks,  say  1^  inches  thick,  screwed  to  the  metal  band.  The 
diameter  of  brake  surface  may  be  28  inches. 

Driving  Oears.  The  size  of  drum  gear  evidently  dejiends 
upon  the  method  of  fastening  to  the  drum,  and,  other  things  being 
equal,  should  be  kept  as  small  as  possible.  One  way  would  be  to 
key  the  gear  on  the  outside  of  the  drum,  another  to  bolt  the  gear 
to  the  end  ot  the  drum.  The  latter  has  the  advantage  that  a 
standard    gear  pattern   can    be   used  with  the  slight   change  of 
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addition  of  bolt  flange  on  the  arois.  'Hiis  makes  a  Bimple,  direct^ 
and  strong  drive,  tbe  bolts  being  in  shear. 

Sketching  this  arrangement  as  the  preferred  one  (Fig.  2A),  it 
isevident  that  the  diameter  of  the  gear  should  be  at  least  as  large 
as  the  dram  io  order  to  keep  the  tooth  load  down  to  a  reasonable 
figure.  On  the  other  hand,  if  made  too  large,  it  spreads  out  the 
machine  and  destroys  its  compactness.  As  a  diameter  of  86 
inches  is  not  excessive,  let  us  assumo  this,  and  see  if  a  desirable 
proportion  of  gear  tooth  can  bo  found  to  carry  the  load. 

For  a  pitch  diameter  of  36  inches  there  will  be  a  theoretical 


load  of 


5,000x27  _ 


-3,750  poands  at  the  pitch  line.     But  the  toad 


^^^I^^ 


PiK.2A. 

on  the  tooth  mnst  not  only  impart  a  pull  of  6,000  pounds  to  th? 
rope,  but  must  overcome  friction  between  the  gear  teeth  in  action, 
also  between  the  drum  shaft  and  its  bearings.  Assuming  the 
efficiency  between  the  rope  and  tooth  load  to  be  95  per  cent,  the 

net  load,  therefore,  which  the  tooth  must  take  is  -^ =  8,947,  say 

.95 
4,000  pounds. 
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Assuming  involute  teeth,  and  applying  the  "Lewis"  formula^ 
(Part  II,  "Gears"): 

W=aXpX/Xy  W=4,(XX) 

«=6,000 
4,000=6,000  X  p  X  /  X  .116  y=.116  (number  of  teeth 

assumed  at  75) 

p  x/=  --^552__  =5.7  inches  i)=circular  pitch 

^    ''     6,000  X. 116  ^  ^ 

/=face  of  gear 

Let/=3p  (a  reasonable  proportion  for  machine-cut  teeth). 

Then3xi>*=5.7 

1)2=1.9 

p=l/  1.9=1378  inches 
The  diametral  pitch  corresponding  to  this  is 

MM6  _  2.28 
1.378 

which  is  just  between  the  regular  standard  pitches,  2  and  2i,  for 
which  stock  cutters  are  made.  To  be  safe,  let  us  take  the  coarser 
pitch,  which  is  2.     The  circular  pitch  corresponding  to  this  is 

-^ =  1.57,  and  making  the  face  about  three  times  the  circular 

pitch  gives 

3  X  1.57  =  4.71,  say  4J  inches. 

The  number  of  teeth  in  the  gear  is  then  36  X  2  =  72. 
Referring  to  the  value  assumed  for  the  tooth  factor  in  calculation 
above,  it  is  seen  that  y  was  based  on  75  as  the  number  of  teeth, 
which  is  near  enough  to  72  to  avoid  the  necessity  of  further  check- 
ing the  result. 

The  pinion  to  mesh  with  this  gear  should  be  as  small  as  possi- 
ble in  order  to  get  a  high-speed  ratio  between  pinion  shaft  and 
drum,  otherwise  an  excessive  ratio  will  be  required  in  the  pulleys, 
making  the  large  one  of  inconvenient  size.  Small  pinions  have 
the  teeth  badly  undercut  and  therefore  weak,  13  teeth  being  the 
lowest  limit  usually  considered  desirable,  for  that  reason.     Choos- 

13 
ing  that  number,  we  have  a  pitch  diameter  of  -^=  G.5  in.,  which 

is  probably  ample  to  take  the  shaft  and  key,  and  still  leave  suf- 
ficient stock  under  the  tooth  for  strength.  If  made  of  cast  iron, 
however,  the  pinion  teeth,  on  account  of  the  low  number,  will  be 
narrower  at  the  root  than  those  of  the  gear  of  72  teeth.     Yet  it 


se 
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was  upon  the  basis  of  the  hitter  that  the  pitch  was  chosen,  for  it 
will  b^  remembered  that  the  value  of  y  in  the  formula  was 
taken  at  .116.  Hence  the  pinion  will  be  weaker  than  the  gear 
unless  we  make  it  of  stronger  material  than  cast  iron,  of  which 
the  large  gear  is  supposed  to  be  made.  Steel  lends  itself  very 
readily  to  this  requirement;  and  in  practice,  pinions  of  less  than  20 
teeth  are  usually  made  of  this  material,  hence  we  shall  specify  the 
pinion  to  be  of  steel. 

Pulleys.  The  question  now  is  whether  or  not  we  can  get  a 
suitable  ratio  in  the  pulleys  without  making  the  large  one  of  incon- 
venient  size,  or  giving  the  motor  too  slow  speed  for  an  economical 
proportion. 

Suppose  we  limit  ourselves  to  a  diameter  of  42  inches  for  the 
large  pulley,  and  try  a  ratio  of  4  to  1;  this  will  give  a  diameter 
for  the  small  pulley  of  Y=IOi  inches.    We  shall  then  have 

Total  ratio  between  drum  and  motor -^X  4=^=22.2 

Rev.  per  min.  of  drum  to  give  150  f.  p.  m.  of 

~p« Ti=2i-2 

Rev.  per  min.  of  motor 22.2  X  21.2=470 

Horse-power  of  motor  at  80  per  cent  efficiency  — — — ^    *      =30 
^  ^  "^  33,000  X    .80 

A  30  11.  P.  motor  running  470  r.  p.  m.  would  be  classed  as  a 
slow  speed  motor  and  would  be  a  heavier  machine  and  cost  mor<3 
than  one  of  higher  speed.  It  will  be  noticed,  however,  that  the 
diameter  of  the  small  pulley  is  already  quite  reduced,  and  it  is 
hardly  desirable  to  decrease  it  still  further.  Neither  can  we 
increase  the  large  pulley,  as  we  have  already  set  the  limit  at  42 
inches.  Hence,  for  our  present  problem  we  cannot  improve  mat- 
ters much  without  increasing  the  size  of  the  large  gear,  which  is 
undesirable,  or  putting  in  another  pair  of  gears,  which  is  contrary 
to  the  conditions  of  the  problem.  As  such  a  motor  is  perfectly 
reasonable,  we  shall  assume  it  to  be  chosen  for  the  purpose. 

In  commercial  practice  it  would  be  well  to  pick  out  some 
standard  make  of  motor  of  the  required  horse-power,  note  the  speed 
as  specified  by  the  makers,  and  then,  if  possible,  suit  the  ratio  in 
the  machine  to  this  speed.  It  is  always  best  to  use  standard  ma- 
chinery, if  possible,  both  from  the  standpoint  of  first  cost,  as  well 


37 


30  MACHINI^  DESIGN 


"t/O-ueU,    <>^^64Ji^.  ^Ka^  ^,  /fas 


__         ^O/e  a./^'^<    K/0.f_  /-y^yg.    f&Ay    /^eroj 


(.O/S" fSvttxuJL ,  Cam,  .^  ^A,^^jtoa,,t^tU.jLj 


•      • 


S.J-4, 


-7^=    6^^- 


/. 

7-  /oS9-  e^s"'  ^/^ 
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ease  of  replacing  worn  parts.  Machinery  ordered  special  is 
expensive  in  first  cost  of  designing,  patterns,  and  tools,  and  extra 
spare  parts  for  emergency  orders  are  not  often  Icept  on  hand. 

Tabulation  of  Torsional  Moments.  For  future  reference,  it  is 
desirable  at  this  point  to  tabulate  the  torsional  moment,  or  torque, 
about  each  of  the  three  shaft  axes,  assuming  reasonable  efficiencies 

for  the  various  parts,  as  follows: 

Efficiency  between  drum  and  gear  tooth 95  per  cent 

Efficiency  between  drum  and  pinion  shaft 90  per  cent 

Efficiency  between  drum  and  motor  shaft 80  per  cent 

TABLE    OF  TORSIONAL  MOMENTS. 


Axis. 

» 

Inch  Lbs.  Torque 
at  100  Per  Cent  Efficiency. 

Inch  Lbs.  Torque, 
Efficiency  as  Above. 

Drum 

Pinion 

Motor 

bfmx— =67,500 

5,000X-2-X^ =12,187 

5,000X^-X^X^J2^-  3,047 

.80  ""  ^'^^ 

This  means  that  the  motor  develops  a  torque  of  3,809  inch- 
pounds  delivering  to  pinion  shaft  13,541  inch-pounds,  and  to  drum 
71,052  inch-pounds. 

Width  of  Belt.  The  page  of  calculation  for  belt  width  is  repro- 
duced in  Fig.  3. 

The  calculation  as  given  is  strictly  scientific,  based  on  the 
working  strength  of  a  cemented  joint  (^=400  lbs.  per  square  inch). 
This  is  a  favorable  situation  for  the  use  of  a  cemented  joint,  be- 
cause it  is  easy  to  provide  means  of  adjusting  the  belt  tension  by 
placing  the  motor  on  a  sliding  base.  Otherwise  a  laced  joint  could 
be  used,  requiring  relacing  when  the  belt  slackens  through  its 
stretch  in  service.  Under  the  assumption  that  a  double  laced  belt 
is  used,  the  empirical  formula  below  is  one  often  applied: 

wXY     i^Xl,300 
—  540  ""      540      "" 

This  gives  w=    i  qaa  ^^-^^'^  inches  (say  12  inches). 

It  should  be  remembered  that  this  value  is  purely  empirical; 
it  applies  to  a  laced  joint,  and  could  not  be  expected  to  check  the 


39 


32  MACHIISi:  DESIGN 

value  of  9  inches  obtained  by  the  first  computation  for  a  cemented 
joint.  It  is  fairly  in  proportion.  For  the  quite  definite  servioe 
required  of  the  belt  in  the  present  case,  the  width  of  9  inches  is 
doubtless  sufficient,  considering  the  cemented  joint. 

Length  of  Bearings.  Considerable  latitude  in  choice  of  length 
of  bearings  is  permissible,  especially  in  such  slow-speed  machinery. 
There  is  probably  little  danger  from  heating,  and  the  question  then 
becomes  one  of  wear.  It  is  better  in  such  cases  as  the  one  in  ques- 
tion, to  choose  boldly  a  length  which  seems  to  be  reasonable  and 
proceed  with  the  design  on  that  basis,  even  if  the  length  be  later 
found  out  of  proportion  to  the  shaft  diameter,  than  to  waste  too 
much  time  in  the  preliminary  calculation  over  the  exact  determina- 
tion of  this  question.  Probably  in  most  cases  of  commercial  prac- 
tice the  existence  of  patterns,  or  some  other  practical  consideration, 
will  decide  the  limits  of  length. 

In  the  present  instance  it  seems  reasonable  that  a  length  of 
6  inches  would  fill  the  requirement  for  the  worst  case,  that  of  the 
drum  shaft,  and  it  is  obvious  that  the  bearings  for  the  pinion  shaft 
would  naturally  be  of  the  same  length  on  account  of  being  cast  on 
the  same  bracket,  and  faced  at  the  same  setting  of  the  planer  tool. 

Height  of  Centers.  The  large  pulley  should  naturally  swing 
clear  of  the  floor.  This  will  require,  say,  a  total  height  of  23 
inches,  out  which  we  may  take  4  inches  for  the  base,  leaving  19 
inches  as  the  height,  center  of  bearincr  to  base  of  bracket. 

Data  on  Sketch.  The  data  as  found  above  should  now  be  put 
on  the  sketch  previously  made;  it  will  then  have  the  appearance 
shown  in  Fig.  1. 

This  sketch  is  now  in  form  to  control  all  the  subsequent  detail 
design,  and  it  is  expected  that  the  figured  dimensions  as  shown  can 
be  maintained.  It  is  impossible  to  predict  this  with  positiveness, 
however,  as  in  the  working  out  of  the  minor  details  certain  changes 
may  be  found  desirable,  when,  of  <50urse,  they  should  be  made. 

The  shaft  sizes  do  not  appear  on  this  sketch,  hence  before 
proceeding  further  the  several  shaft  diameters  must  bo  calculated. 

Sizes  of  Shafts..  The  calculations  of  the  shaft  diameters  are 
good  instances  of  systematic  engineering  computations,  hence  they 
are  reproduced  in  the  exact  form  in  which  they  were  made.  The 
student  Bhoold  learn  a  valuable  lesson  in  making  and  recording 
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calcniations  by  following  tliesu  cjirefully.  Note  that  each  set  of 
fignrea  ia  itldejlondaat,  both  in  tbo  etattitiient  of  given  data,  as  well 
as  is  the  actual  computation.  Observe  how  easy  it  wonld  be  for 
the  author  of  these  figures  or  anyone  else  to  check  them  even  after 


Sy^uxM  -^I^Uit^  -^vrt,.  77tiUf»/,  03 


TU-  /oSf 
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rig.  4. 

a  long  lapse  of  time.  If  tliu  inacbiiie  Bhoald  nnexpectedlj  fuil  in 
service  the  figures  are  alwaya  available  to  prove  or  disprove  theor- 
etical weakness.  The  riglit  triangles  merely  iudicate  that  Mia 
value  of  j/U'+'P  was  fouad  by  the  graphical  method  soggested  io 
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Part  II,  "Shafts,"  tlie  figares  being  put  on  the  triangle  as  a  sim- 
ple and  diri.<ct  way  of  recording  both  process  and  resalt. 

Attention  Is  especially  called  to  the  fact  that  ia  the  pinion 
shaft  the  size  is  changed  for  each  piece  npoo  the  shaft.     This  is 
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Fig.  r.. 
done  partly  becanse  it  is  desired  to  show  the  student  that  the  shaft 
at  eafh  of  thuse  points  should  bo  theorotlcally  of  different  size. 
It  is  also  done  because  as  a  practical  feature  of  construction  it  is  a 
good  plan  to  change  the  size  when  the  fit  chiingea,  partly  for  rea- 
dUDB  of  production  in  the  shop,  partly  for  eaao  in  slipping  pieoea 
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freely  endwise  on  the  shaft  until  they  reach  their  proper  fit  and 
location  in  the  assembling  of  the  machine. 

This  shonld  not  be  taken  as  an  absolute  requirement  in  any 
sense.  A  straight  shaft  would  be  satisfactory  in  the  present  case; 
but  the  shouldered  shaft  is  a  little  better  construction,  in  a  mechan- 
ical sense,  and  does  not  cost  much  more.  Hence  it  is  used.  For 
the  drum  the  straight  shaft  seems  to  answer  the  requirement  well 
enough. 


^/n»¥  ^/7fSo  «  ^973¥ 
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Fig.  a 

Small  Pulley  Bore.     Fig  4. 

Lars:e  Pulley  Bore.     Fig.  5. 

Bearing  Next  to  Large  Pulley.     Fig.  6. 

The  diameter,  2}  J,  as  calculated,  is  based  on  the  supposition 
tnat  the  greatest  bending  moment  is  caused  by  the  belt  pull  on  the 
overhanging  pulley,  that  is,  by  the  forces  existing  at  the  left-hand 
aide  of  die  center  of  the  bearing. 
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Bat  the  pinioa  tooth  load  produces  a  heavy  hendiug  on  the 
ehaft  in  the  blearing,  the  shaft  in  this  case  acting  as  a  beam  snp- 


T>f  SS-yy^  *»-o  X  .3  3.5"   (Mirt-CUC^j  a/*^  o) 


B  -  3¥Sd  '^  SS-  - 
S= /72&S 

^/73.o8  -fZ/feo^  Sf/o8 
31  IDS..  *■""■<- 

^^^  Pj.V.f7.e  -2.93.    -^^^^ 


ported  at  the  two  bearings  and  having  the  tootli  load  applied  as 
sliown.     If  this  latter  effect  1)e  greater  than  the  former,  that  ia,  if 
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the  bending  moment  produced  by  the  pinion  tooth  load  be  greater 
than  the  bending  moment  produced  by  the  belt  pull,  then  the  diam- 
eter must  be  increased  to  satisfy  the  latter  case.  As  is  seen  by 
the  second  calculation  of  Fig.  6,  this  is  not  the  case,  and  the  diam- 
eter stands  at  2^ J  as  made. 

Pinion  Bore.  Fig.  7.  The  pinion  being  a  driving  fit  upon 
the  shaft,  reinforces  the  shaft  to  such  an  extent  that  it  is  hardly 
possible  for  the  shaft  to  break  off  very  far  inside  the  face  of  the 
pinion;  but  it  is  quite  possible  that  the  metal  of  the  pinion  may 
give  enough,  or  be  a  little  free  at  the  ends  of  the  hole,  so  that  the 
shaft  may  be  broken  off,  say  ^  inch  inside  the  face.  In  this  case, 
it  may  fail  from  the  moment  of  the  force  at  the  left-hand  bearing 
or  of  that  at  the  right.  It  may  fail  then  at  (a)  or  (b),  depending 
on  which  section  has  the  greater  bending  moment.  Trying  both, 
it  is  seen  by  the  calculation  that  the  right-hand  moment  is  the 
controlling  one,  and  it,  therefore,  is  used. 

Shaft  Outside  of  Pinion.  Fig.  8.  As  there  is  no  power 
transmitted  through  this  portion  of  the  shaft,  there  is  no  torsional 
moment  in  it,  and  the  bending  moment  remains  practically  the 
same  as  inside  the  pinion. 

The  size  figures  about  2}^,  but  since  there  is  no  use  in  turn- 
ing off  material  just  to  reduce  the  size  to  this,  it  is  well  to  make 
it  2^,  or  just  smaller  than  the  fit  in  the  pinion. 

Pinion  5liaft  Outer  Bearing.  Fig.  8.  This  diameter,  of 
course,  figures  small,  as  there  is  no  torsion  in  it,  and  the  bending 
moment  is  not  heavy.  The  practical  question  comes  in,  however, 
whether  it  is  advisable  to  make  the  outer  bracket  different  from 
the  inner  one  just  on  account  of  this  bearing.  The  commercial 
answer  to  this  would  probably  be  "  No,"  hence  the  size  as  figured 
next  to  the  pinion  will  be  maintained  (2|J). 

Drum  5haft«  Fig.  9.  In  this  case,  as  previously  inferred, 
the  simplest  thing  to  do  is  to  use  a  piece  of  straight  cold-rolled 
steel,  and  make  both  bearings  alike,  the  size  being  determined 
according  to  the  worst  case  of  loading  which  can  occur  as  the 
rope  travels  from  end  to  end  of  the  drum.  This  case  is  evi- 
dently when  the  rope  is  at  the  end  of  its  travel  close  to  the  brake, 
for  at  that  time  both  the  load  on  the  rope  and  the  load  on  the  pinion 
tooth  which  is  driving  it  are  exerted  upward,  and  j^irodace  the 
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greatest  reaction  at  the  bearing  next  to  the  gear.     The  analysis  of 
the  forces  for  this  condition  is  shown  in  Fig.  9. 

Other  conditions  of  loading  would  be  when  the  brake  is  on 
and  the  tooth  load  relieved,  but  then  the  resultant  of  the  brake 
strap  tensions  would  be  diagonally  downward  and  would  reduce 
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Fig.  8. 

rather  than  add  to  the  rope  load.  Again,  when  the  rope  is  at 
the  end  of  the  drum  farthest  from  the  gear,  the  load  on  it  and 
the  load  on  the  pinion  tooth  are  both  exerted  upward  as  before,  but 
the  reaction  cannot  be  as  great  as  in  the  case  of  Fig.  9,  because  the 
tooth  load  is  still  concentrated  at  the  other  end  of  the  shaft  and 
produces  a  relatively  small  reaction  at  the  rope  end. 


MACHINE  DESIGN 


Preliminary  Layout.  Fig.  10.  Proceeding  now  with  tlie  lay. 
ont  to  scale,  the  detail  of  the  parts  may  be  worked  out  as  com- 
pletely as  the  scale  of  the  drawing  will  permit.  The  work  on  thin 
drawing  may  be  of  an  uniinisbed,  sketchy  nature,  but  the  meaeure- 
menta  must  be  exact  as  far  as  tbey  go,  for  this  drawing  is  to  serve 
aa  the  reference  sheet,  from  which  all  future  detail  is  to  be  worked  up. 

lu  this  layout  may  be  worked  out  the  sizes  of  the  arms  and 
hubs  of  pulleys  aud  gears,  the  proportions  of  the  drum  and  brake 
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Fig.  9. 
strap,  and  the  general  dimensions  of  the  side  brackets  and  the 
base.  When  the  detail  becomes  too  fine  to  work  out  to  advan- 
tage on  this  drawing  it  may  be  worked  out  full  size  by  a  separate 
■ketch,  or  left  to  be  finished  when  it  is  regularly  detailed.  The 
preliminary  layout,  it  should  be  remembered,  is  a  service  sheet 
odIj,  a  means  of  carrying  along  the  deeiga,  and  not  intended  for 
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a  finished  drawing.  The  moment  that  the  free  use  of  the  layout 
is  impaired  by  trying  to  make  too  much  of  a  drawing  of  it,  its 
value  is  largely  lost.  A  designer  must  have  some  place  to  try  out 
his  schemes  and  devices,  and  the  layout  drawing  is  the  place  to  do 
it.  This  drawing  may  be  recurred  to  at  intervals  in  the  progress 
of  the  design,  details  being  filled  in  as  they  are  worked  out,  as 
thoy  may  control  the  design  of  adjacent  parts. 

^s  the  discussion  of  the  design  of  each  of  the  members 
involved  in  the  present  problem  can  be  better  taken  up  in  con- 
nection with  the  detail  drawing  of  each,  it  will  be  given  there, 
rather  than  in  connection  with  the  layout,  although  many  of  the 
proportions  thus  discussed  could  be  worked  out  directly  from  the 
latter. 

Pulleys.  Fig.  11.  The  analysis  of  the  forces  in  the  belt 
gives,  according  to  the  calculation  of  Fig.  3,  a  tension  in  the  tight 
side  of  1,059  pounds,  and  in  the  slack  side  414  pounds.  The 
difference  of  these,  or  1,059 — 414=645  pounds,  is  transmitted  to 
the  pulley  and  produces  the  torque  in  the  shaft.  Of  course  in 
the  small  pulley  the  torque  is  transmitted  from  the  motor  through 
the  pulley  to  the  belt,  but  both  cases  are  the  same  as  far  as  the 
loading  of  the  pulleys  is  concerned. 

The  only  other  force  theoretically  acting  is  the  centrifugal 
force  due  to  the  speed  of  the  pulley.  This  produces  tension  in 
the  rim  and  arms,  but  for  the  low  value  of  1,300  feet  per  minute 
peripheral  velocity  in  this  case  may  be  disregarded. 

Considering  the  arms  as  beams  loaded  at  the  ends,  and  that 
one-half  the  whole  number  of  arms  take  the  load,  and  for  con- 
venience, figuring  the  size  of  the  arms  at  the  center  of  the  pulley, 
gives  the  following  calculation  for  the  large  pulley: 

?^X21=^^=.0393X2,500X^«  Let     8=2,500 

^  ^      h= breadth  of  oval 

y=^^^=46  •*   .4/i=thickness  of  oval 

fc=s]Vl6=3.6  (sa7  3.5) 

.4fc=.4x3  5=1.4  (saj  1  7-16) 

This  is  about  all  the  theoretical  figuring  necessary  on  this 

pulley.     The  rim  is  made  as  thin  as  experience  judges  it  capable 

of  being  cast;  the  arms  are  tapered  to  suit  the  eye,  thus  giving 

ample  fostening  to  the  rim  to  provide  against  shearing  off  the  rim 
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from  the  arms;  generous  fillets  join  the  arms  to  both  rim  and  hub; 

and  the  hub  is  given  thickness  to  carry  the  key,  and   length 

enough  to  prevent  tendency  to  rock  on   the  shaft.     Uncertain 

strains  due  to  unequal  cooling  in  the  foundry  mold  may  be  set  up 

in  the  arms  and  rim,  but  with  careful  pouring  of  the  metal  they 

should  not  be  serious,  and  the  low  value  chosen  for  the  fibre  stress 

allows  considerable  margin  for  strength. 

The  small  pulley  has  the  same  forces  to  withstand  as  the 

large  pulley,  but  on  account  of  its  small  diameter  there  is  not 

room  enough  for  arms  between  the  rim  and  the  hub,  hence  it  is 

made  with  a  web.     The  web  cannot  be  given  any  bending  by  the 

belt  pull,  the  only  tendency  which  exists   in  this  case  being  a 

shearing  where  the  web  joins  the  hub.     This  shearing  also  exists 

throughout  the  web  as  well,  but  at  other  points  farther  from  the 

center  it  is  of  less  magnitude,  and  moreover,  there  is  more  area  of 

metal  to  take  it.     The  natural  way  to  proportion  the  thickness  of 

the  web  is  to  give  it  an  intermediate  thickness  between  that  of  the 

hub  and  rim,  thus  securing  uniform  cooling,  and  then  figure  the 

stress  as  a  check.     Making  this  value  |  inch  gives  a  shearing  area 

of  g  multiplied  by  the  circumference  of  the  hub,  which  is  3.1416 

645  X  5  25 
X  4  =  12.56.     The  shearing  force  at  the  hub  is g-^— =1,693 

pounds.     Equating  the  external  force  to  the  internal  resistance 
1,693  =  5X12.56X8 

S  ='73ToTH  =  15^  pounds  per  square  inch  (approx.). 

This  is  a  very  low  figure,  even  for  cast  iron,  hence  the  web  is 
amply  strong.  The  rim  and  hub  are  proportioned  as  for  the  large 
pulley. 

The  keys  are  taken  from  the  standard  list.  They  may  be 
checked  for  shear,  crushing  in  the  hub,  and  crushing  in  the  shaft, 
but  the  hubs  are  so  long  that  it  is  at  once  evident  without  figuring 
that  the  stress  would  run  very  low  in  both  cases. 

Qears.  Fig.  12.  The  analysis  of  the  forces  acting  on  the 
gears  has  been  given  on  page  28,  4,000  pounds  being  taken  at  the 
pitch  line.  Using  this  same  value,  and  choosing  a  T-shaped 
nrm  as  a  good  form  for  a  heavily  loaded  gear  like  the  present  one, 
let  US  consider  that  the  rim  is  stiff  enough  to  distribute  the  load 
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equally  between  all  the  arms,  and  that  each  acts  as  a  beam  loaded 
at  the  end  with  its  proportion  of  the  tooth  load.  Before  we  can 
determine  the  length  of  these  arms,  however,  we  must  fix  upon  the 
size  of  the  flange  which  is  to  carry  the  driving  bolts.  This  is  taken 
at  13  inches.  It  could  be  smaller  if  desired,  but  drawing  the  bolts 
in  toward  the  center  increases  the  load  on  them,  and  13  inches 
seems  reasonable  until  it  is  proved  otherwise.     This  makes   the 

.     v,-!,                                   4,000X11.5     ^.._ 
maximum  moment  which  can  come  on  an  arm  ^ =7,666 

inch-pounds. 

Now  it  is  evident  that  the  base  of  the  T  arm  section,  which 
lies  in  the  plane  of  rotation,  is  most  effective  for  driving,  and 
that  the  center  leg  of  the  T  does  not  add  much  to  the  driving 
capacity  of  the  arm,  although  it  increases  the  lateral  stiffness  of 
the  arm,  as  well  as  providing  in  casting  a  free  flow  of  metal  between 
the  rim  and  the  hub.  Hence  the  simplest  way  of  treating  the  sec- 
tion of  the  arm  for  strength  is  to  consider  the  base  of  the  T 
only,  of  rectangular  section,  breadth  J,  and  depth  A,  for  which 

the  internal  moment  of  resistance  is  ^ ' 

Also,  it  is  simplest  to  assume  one  dimension,  say  the  breadth, 
and  the  allowable  fibre  stress,  and  figure  for  the  depth.  Taking 
the  breadth  at  1|  inches,  which  looks  about  right,  and  the  fibre 
stress  at  2,500,  and  equating  the  external  moment  to  the  internal, 
we  have 

^  ece  __  2,500  X  1.125  X  A' 

»  6X7,666 

^  ""  2,500X1.125  "'^^•* 

A  =  v^IO  =  4.05  (say  4J) 
Drawing  in  this  size,  and  tapering  the  arm  to  the  rim  as  in 
the  case  of  the  pulleys,  making  the  depth  of  the  rim  according  to 
the  suggested  proportions  given  in  Part  II,  "  Gears,"  giving  the 
center  leg  of  the  T  a  thickness  of  §  inch  tapering  to  1  inch,  and 
heavily  filleting  the  arms  to  the  rim  and  center  flange,  we  have  a 
fairly  well  proportioned  gear. 

The  next  thing  to  determine  is  the  size  of  the  driving  bolts. 
The  circle  upon  which  their  centers  lie  may  be  11  inches  in  diam- 
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eter,  and  there  will  naturally  be  six  bolts,  one  between  each  arm. 
These  bolts  are  in  pure  shear,  and  the  material  of  which  they  are 
to  be  made  ought  to  be  good  for  at  least  8,000  pounds  per  square 
inch  fibre  stress.     The  force  acting  at  the  circumference  of  an 

11-inch  circle  would  be  — ^ — ^ =13,091  pounds. 

Equating  the  load  on  each  bolt  to  the  resisting  shear  gives 

13,091    o  /w^v>  A     8,000X3.1416X^2      Let  A =area  resisting  shear. 
-^=8,00OXA=-^ T Let  rf=dia.  of  bolt. 

Then  A=— r — 

at 4X13,091       , 

"^■"6X8,000X3.1416" 

d=  i/55*  (say  .6)    %-inch  bolts  would  do. 

But  |-inch  bolts  are  pretty  small  to  use  in  connection  with  such 
heavy  machinery.  They  look  out  of  proportion  to  the  adjacent 
parts.  Hence  §-inch  bolts  have  been  substituted  as  being  better 
suited  to  the  place  in  spite  of  the  fact  that  theoretically  they  are 
larger  than  necessary.  The  extra  cost  is  a  small  matter.  These 
bolts  may  crush  in  the  flange  as  well  as  shear  off,  but  as  there  is 

13  091 
an  area  of  §X  If  =  1.422  square  inches  to  take — V—  =2,182 

pounds,  the  pressure  psr  square  inch  of  projected  area  is  only 

2  182 

.'     ^=1,534  pounds,  which  is  very  low. 

This  gear  needs  no  key  to  the  shaft  because  all  the  power 
comes  down  the  arms  and  passes  off  to  the  drum  through  the  bolts, 
thus  putting  no  torsional  stress  in  the  shaft.  The  face  of  the 
flange  is  counterbored  so  as  to  center  the  gear  upon  the  drum, 
without  relying  upon  the  fit  of  the  gear  upon  the  shaft  to  do  this. 

The  pinion  is  solid  and  needs  no  discussion  for  its  design. 

Brackets  and  Caps.  Fig.  13.  As  the  size  of  the  drum  shaft 
was  determined  by  considering  the  rope  wound  close  up  to  the 
brake,  thus  giving  in  combination  with  the  load  on  the  gear  tooth 
the  maximum  reaction  at  the  bearing  as  6,748  pounds,  the  cap  and 
bolts  should  be  designed  to  carry  the  same  load. 

For  a  bearinor  but  6  inches  loner,  two  bolts  are  sufficient  under 
ordinary  conditions  and  might  perhaps  do  for  this  case.  The  load 
is  pretty  heavy,  however,  and  it  is  deemed  wise  to  provide  four 
bolls,  thus  secaring  extra  rigidity,  and  permitting  the  use  of  bolts 
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of  comparatively  small  size.  If  the  load  were  distributed  equally 
over  all  the  bolts  each  would  take  one-fourth  of  the  whole  load, 
but  it  is  not  usually  safe  to  figure  them  on  this  basis,  because  it 
is  difficult  to  guarantee  that  each  bolt  will  receive  its  exact  share 
of  stress.  Assuming  that  the  two  bolts  on  one  side  take  |^  the 
whole  load  instead  of  J,  which  provides  for  this  uncertain  extra 
stress,  each  bolt  must  take  care  of  ^  of  6,748,  or  2,249,  pounds. 
Allowing  8,000  pounds  per  square  inch  fibre  stress  calls  for  an 

2  249 
area  at  the  root  of  the  thread  of  cTTuzr:  =  .281  square  inch.     Con- 
sulting a  table  of  bolts  wo  find  that  the  next  standard  size  of  bolt 
greater  than  this  is  |,  which  gives  an  area  of  .302  square    inch. 

Choosing  this  size  as  satisfactory,  the  bolts  should  be  located 
as  close  to  the  shaft  as  will  permit  the  hole  to  be  drilled  and  tapped 
witaout  breaking  out.  A  center  distance  of  5  J  inches  accomplishes 
this  result.  The  distance  between  centers  in  the  other  direction 
is  somewhat  arbitrary,  although  the  theoretical  distance  between 
the  bolt  and  the  end  of  the  bearing  to  give  equal  bending  moment 
at  the  center  of  the  cap  and  at  the  line  of  the  bolts  is  about  -^^  of 
the  length,  or  -i^^  of  ^6  =  1 J  inches.  This  proportion  answers 
well  for  the  present  case,  although  for  long  caps  it  brings  the 
bolts  too  far  in  to  look  well. 

The  thickness  of  the  cap  may  be  determined  by  assuming  it 
to  be  a  beam  supported  at  the  bolts  and  loaded  at  the  middle. 
This  is  not  strictly  true,  for  the  load  is  distributed  over  at  least  a 
portion  of  the  shaft  diameter;  moreover,  the  bolts  to  some  extent 
make  the  beam  fixed  at  the  ends.  It  being  impossible  to  determine 
the  exact  nature  of  the  loading,  we  may  take  it  as  stated,  supported 
at  the  ends  and  loaded  in  the  middle,  and  allow  a  higher  fibre 
stress  than  usual,  say  3,500.  The  longitudinal  section  at  the 
middle  of  the  cap  is  rectangular,  of  breadth  6  inches,  and  denth 
unknown,  say  A.     The  equation  of  moments  is 

4:       ~       c       ~~  6 

6,748  X  5.5  _  3,500  X  G  X  A' 
4  6 

64X6,748X5.5 
^  -     4X3,500X6    -"^-^^ 
h  =  V23^  vill  probably  answer) 
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For  the  other  bearing  next  to  the  pinion,  the  load  on  the  tooth 
acts  downward,  and  the  resultant  pull  of  the  belt  is  nearly  hori- 
zontal, hence  the  cap  and  bolts  must  stand  but  little  load,  and 
calculation  would  give  minute  values.  In  a  case  like  this  it  is 
well  to  make  the  size  the  same  as  for  the  larger  bearing,  unless 
the  construction  becomes  very  clumsy  thereby.  This  saves  chang- 
ing drills  and  taps  in  making  the  holes,  and  preserves  the  symmetry 
of  the  bracket.  The  |-inch  bolts  are  good  proportion  for  the 
smaller  bearing,  hence  that  size  will  be  maintained  throughout. 

The  body  of  the  bracket  is  conveniently  made  with  the  web  at 
the  side  and  horizontal  ribs  extendinc:  to  the  outside.  The  load  due 
to  the  rope  is  carried  directly  down  the  side  ribs  and  web  into 
the  bottom  flanges  and  to  the  bolts.  The  analysis  of  the  forces 
on  these  bolts  is  shown  in  Fig.  14.  It  is  evident  from  the  figure 
that  the  resultant  belt  pull  tends  to  hold  the  bracket  down,  while 
the  load  on  the  rope  tends  to  pull  it  up,  the  point  about  which  it 
tends  to  rotate  being  the  corner  furthest  from  the  drum.  It  is  also 
evident  that  the  bolts  nearest  this  corner  can  have  little  effect  on 
the  holding  down,  because  their  leverage  is  so  small  about  the  cor- 
ner,  hence  we  shall  assume  that  the  pair  of  bolts  at  the  rjght-hand 
end  of  the  bracket  takes  all  the  load.  The  belt  pull,  being  hori- 
zontal, tends  to  slide  the  bracket  along  the  base,  but  this  tendency 
is  small,  and  at  any  rate  is  easily  taken  care  of  by  the  two  dowel 
pins,  which  are.  thus  put  in  shear. 

The  load  on  the  bolts  being  4,954  pounds,  a  heavy  bending 
moment  is  thrown  on  the  flange  of  the  bracket,  tending  to  break 
it  off  at  the  root  of  the  fillet.  The  distance  to  the  root  of  the  fillet 
is  J  inch;  the  section  tending  to  break  is  rectangular,  of  breadth 
5J  inches,  and  unknown  depth  A.     The  equation  of  moments  is 

_^,      Svl       SX^XA^ 
c  b 

4,954X3      2,500  X  5.5  X  A' 
4       "^  6 

6X4,954X3 
^  ""4X2,500X5.5  "■-^•^'^ 

A=l/D52  =  1.3(saylJ). 
The  thickness  of  the  web  and  ribs  of  this  bracket  is  hardly 
oapable  of  calculation.     The  figure  |  inch  has  been  chosen  in  pro- 
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portion  to  tho  size  of  the  large  drum  bearing,  giving  ample  sti£F- 
ness  and  rigidity,  and  permitting  uniform  flow  and  cooling  of  the 
metal  in  the  mold.  The  opening  in  the  center  is  made  merely  to 
save  material,  as  in  that  part  little  stress  would  exist,  the  two  sides 
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Fig.  14. 

carrying  the  load  down  to  the  base  bolts,  and  the  top  serving  as  a 
tie  between  the  bearings. 

This  bracket  might  be  made  with  the  web  in  the  center  of  the 
bearings  instead  of  at  the  side,  in  which  case  the  expense  of  the 
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pattern  would  be  slightly  greater.  It  could  also  be  made  of  closed 
box  form,  but  would  in  tiiat  case  probably  weigh  more  than  as 
shown. 

Drum  and  Brake.  Fig.  15.  The  analysis  of  the  forces  acting 
on  the  drum  is  simple,  but  its  theoretical  design  is  more  compli- 
cated. It  is  evident  that  the  drum  acts  as  a  beam  of  hollow  circular 
cross  section,  and  that  its  worst  case  of  loading  is  when  the  rope  is 
at  or  near  the  middle  of  the  drum  length.  At  the  same  time  the 
metal  of  this  circular  cross  section  is  in  a  state  of  torsion  between 
the  free  end  of  the  rope  and  the  driving  gear,  due  to  the  load  on 
the  gear  tooth  and  the  reaction  of  the  rope.  Also  the  wrapping  of 
the  rope  around  the  drum  tends  to  crush  the  metal  of  the 
section  beneath  it,  the  maximum  effect  of  this  action  being  near 
the  free  end  of  the  rope  where  its  tension  has  not  been  reduced  by 
friction  on  the  drum  surface. 

Now  the  "mechanics"  to  solve  the  problem  of  these  three 
combined  actions  is  rather  complicated.  It  can  be  at  least  approx- 
imately solved,  however,  for  it  satisfies  fairly  well  the  case  of 
combined  compression  and  shear.  But  on  a  further  study  of  this 
particular  case,  it  is  seen  at  once  that  the  diameter  of  the  drum  is 
relatively  large  with  respect  to  its  length,  which  means  that  the 
thickness  of  the  metal  may  be  very  small  and  yet  give  a  large 
resisting  area,  or  value  of  "  I,"  both  in  direct  bending  as  well  as 
torsion;  also  it  is  so  short  that  the  external  bending  moment  will 
be  small.  The  practical  condition  now  comes  in,  that  the  drum 
can  be  safely  cast  only  when  the  thickness  of  the  metal  is  at  a 
minimum  limit,  for  the  core  may  be  out  of  round,  not  set  centrally, 
or  by  some  other  variation  produce  thin  spots  or  even  develop  holes 
reaching  out  into  the  rope  groove,  discovered  only  when  the  latter 
is  turned  in  the  lathe. 

Hence  it  seems  reasonable  and  safe  in  this  case  to  make  the 
thickness  of  the  drum  depend  simply  upon  the  crushing  caused  by 
the  wrapping  of  the  rope  around  it,  and  we  shall  take  the  coil 
nearest  the  free  end  of  the  rope,  assuming  that  it  carries  the  full 
load  of  5;000  pounds  throughout  one  complete  wrap  around  the 
dram. 

The  area  resisting  the  crushing  action  may  be  considered  to 
be  that  of  the  cross  section  of  a  ring,  of  width  equal  to  the  pitch 
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of  the  groove.  Assuming  that  |  inch  is  the  least  thickness  which 
can  be  safely  allowed  under  the  groove  for  casting  purposes,  let 
us  figure  the  crushing  fibre  stress  to  see  if  this  is  sufficiently 
strong.  Disregarding  the  small  amount  of  metal  existing  above 
the  bottom  of  the  groove,  this  gives  the  area  to  resist  the  crushing 
|X|X  J4,  or  .47  inch.  Since  there  are  two  of  these  sections  and 
the  rope  acts  on  both  sides,  the  equation  of  forces  is: 
5,OOOX2  =  SX.47X2 

^  5,000X2  .r^cy.  .       , 

=  — AjK^o    ^^  1,063  pounds  per  square  men. 

This,  for  cast  iron,  is  very  low,  and  allows  plenty  of  margin 
for  the  extra  bending  and  torsional  stress,  which  for  such  a  con- 
siderable thickness  would  be  slicrht. 

The  above  case  indicates  a  method  of  reasoning  much  used  in 
designing  machinery,  which  while  following  out  the  specified 
routine  of  thought  as  previously  given  in  these  pages,  stops  short 
of  elaborate  and  minute  theoretical  calculation  when  such  is  obvi- 
ously  unnecessary.  If  a  drum  of  great  length  were  to  be  designed, 
and  of  small  diameter,  the  same  method  of  reasoning  would  deduce 
the  fact  that  the  design  should  be  based  on  the  bending  and  the 
torsional  moments,  the  thickness  in  such  a  case  being  so  great  to 
withstand  these  that  the  intensity  of  the  crushing  due  to  wrap  of 
the  rope  becomes  of  inappreciable  value. 

The  remaining  points  of  design  of  the  drum  are  determined 
from  practical  considerations  and  judgment  of  appearance.  The 
ribs  behind  the  arms  are  put  in  to  give  lateral  stiifness  and  guard 
against  endwise  collapse.  The  arms  are  subject  to  the  same  bend- 
ing as  those  of  the  gear,  but  as  they  are  equally  heavy  it  is  not 
necessary  to  calculate  them.  The  flange  at  the  driving  end  is  of 
course  matched  to  that  already  designed  for  the  gear.  The  rope 
is  intended  to  be  brought  through  the  right-hand  end  with  an 
easy  bend  and  the  standard  form  of  button  wedged  on  to  prevent 
its  pulling  through. 

This  drum  would  probably  be  cast  with  its  axis  vertical,  and 
the  driving  flange  down  to  secure  sound  metal  at  that  point. 
Heavy  risers  would  be  left  at  the  other  end  to  P3cure  soundness 
where  the  rope  is  fastened.  Drums  are  often  cast  with  the  axis 
horLDontal,  but  the  vertical  method  is  more  certain  to  produce 
•  iOQnd  casting.      The  grooves  should  be  turned    from    the 


61 


54  MACHINE  DESIGN 


solid  metal,  partly  because  it  is  a  difficult  matter  to  cast  them,  but 
principally  because  the  rope  should  run  on  as  smooth  surface  as 
possible  to  avoid  undue  wear.  On  drums  which  carry  chain  instead 
of  wire  rope  the  grooves  are  sometimes  cast  with  success,  although 
even  in  this  case  the  turned  groove  is  generally  preferable. 

The  brake  consists  of  a  wrought-iron  band  to  which  are  &8t- 
ened  wooden  blocks,  the  iron  band  giving  the  requisite  strength 
while  the  blocks  give  frictional  grip  on  the  drum  surface  and  can 
be  easily  replaced  when  worn.  As  in  the  designing  of  a  belt  the 
object  in  view  is  the  grip  on  the  pulley  surface  by  the  leather  to 
enable  power  to  be  transmitted  from  the  belt  to  the  pulley,  so  in 
the  case  of  the  brake  if  we  put  the  proper  tension  in  the  strap  it 
can  be  made  to  grip  the  brake  drum  so  tightly  that  motion  between 
it  and  the  drum  cannot  occur.  The  latter  case  is  really  the  reverse 
of  the  first,  if  the  driven  pulley  be  considered,  but  is  identical  with 
the  case  of  the  driving  pulley,  in  which  the  power  is  transmitted 
from  the  pulley  to  the  belt.  Of  course  in  the  case  of  the  brake 
no  power  is  transmitted,  as  when  the  brake  holds  no  motion  occurs, 
but  the  principle  of  the  relative  tensions  in  the  strap  is  the  same 
as  for  the  belt. 

Since  the  brake  drum  surface  is  28  inches  in  diameter,  the  load 
at  that  surface  which  the  brake  must  hold  is 

-,      5,000X27       .^^^  , 

P=     14x2     =  ^^821  pounds. 

"We  have  then  the  following  calculation  corresponding  exactly 
to  that  of  the  belt  given  in  Fig.  3. 

log.^=2.729X/.X«        ^'^IjS 

T„— T°  =  P  =  4,821 

log.  ^=  2.729 X. 25 X. 75  =  0.512  (^'''^^''^  S'SP^  °""^' 

T  T 

Then  ^=3.25     T„=     ° 


To  "      3.25 

T         2  2'i  vT 
Tn-To  =  4,821  T„_3^5=^3^»  =  4.821 

T„  =  il?^^:!^=  6,963  pounds  (say  7,000) 
To  =  6,963—4,821  =  2,142  pounds  (say  2,200) 
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The  tight  end  of  the  strap  mast  then  be  capable  of  carrying  a 
load  of  7,000  pounds,  and  since  the  width  has  already  been  taken  at 
4|  inches,  the  problem  is  to  find  the  necessary  thickness.  Equating 
the  external  load  to  the  internal  resistance  we  have 

7,000  =  A  X  S  Let  ^  =  thickness 

«  S  =  fibre  stress  =  12,000 
7,000  =  4.5X^X12,000 

■  7,000  ^_    . 

^  =  4.5X12.000=-^^'^^^ 

This,  however,  can  be  but  a  preliminary  figure,  for  the  riveting 
of  the  strap  will  take  out  some  of  the  effective  area,  and  the  thick- 
ness will  have  to  be  increased  to  aljow  for  this.  Suppose  on  the 
basis  of  this  figure  we  assume  the  thickness  at  a  slightly  increased 
value,  say  ^^  inch,  and  proceed  to  calculate  the  rivets. 

A  group  of  five  rivets  will  work  in  well  for  this  case,  which 

7  000 
gives  -~ —  =  1,400  pounds  per  rivet.     A  safe  shearing  fibre  stress 

is  6,000,  hence  the  area  necessary  per  rivet  is  ^^..^^  =  .23  square 

inch.  This  comes  nearest  to  the  area  j^^  diameter,  but  for  the 
sake  of  using  the  more  general  size  of  rivet  (§  inch)  the  latter  is 
chosen,  for  which  the  area  is  .30. 

We  must  now  try  these  rivets  in  a  -j^^-inch  plate  for  their  safe 
bearing  value.     The  projected  area  of  a  §-inch  hole  in  a  ^V-i^ch  plate 

i8 1  x^=.117  square  inch.  -yj=-=  11,905  (15,000  would  be  safe) 

Taking  out  two  |-inch  rivets  from  the  full  width  of  4  J  inches 
leaves  4J  —  (2  X  |)=  3.25,  and  makes  the  net  area  of  strap  to  take 
stress  3.2oXj\=»(il  square  inches.  Ee-calculating  the  fibre  stress 
for  this  area  gives 

7,000  =  .61 X  S 

J, 7,000  =  11,475  (which  approximates  the  previous  value 

^  ""  "Tor  of  12,000): 

The  slack  end  of  the  strap  has  to  take  but  2,200  pounds,  hence 
a  different  calculation  might  be  made  for  this  end  giving  smaller 
rivets;  but  as  it  is  impractical  to  change  the  thickness  of  the  strap 
to  meet  this  reduced  load,  it  is  well  to  maintain  the  same  propor- 
tion of  joint  as  at  the  tight  end.   The  spacing  of  the  rivets  in  both 
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cases  follows  the  ordinary  mle  allowing  at  least  three  times  the 
diameter  of  the  rivet  as  center  distance,  and  one-half  this  value  to 
the  edge  of  the  plate. 

The  threaded  end  of  the  forging  on  the  strap  also  has  to  carry 
tho  load  of  2,200  pounds,  for  which  a  size  smaller  than  1  inch 
would  suffice.  It  is  natural,  however,  for  the  sake  of  general  pro- 
portion to  make  the  bolt  as  strong  as  the  strap,  and  a  l-inch  bolt 
gives  an  area  of  .52  square  inch,  nearly  equalling  the  value  of 
.61  net  area  of  strap  noted  above. 

Base,  Brake-Strap  Bracket  and  Foot  Lever.  Fig  16.  The 
base  cannot  be  definitely  calculated,  and  can  best  be  proportioned 
by  judgment.  It  must  not  distort,  twist,  or  spring  in  any  way  to 
throw  the  shafts  out  of  line.  The  area  in  contact  with  the  founda- 
tion upon  which  it  rests  must  be  ample  to  carry  the  weight  of  the 
whole  machine  with  a  low  unit  pressure.  Although  the  form 
shown  is  perfectly  practicable  to  cast  and  machine,  and  is  simple 
and  rigid,  yet  it  is  questionable  if  a  bolted-up  construction,  say  of 
four  pieces,  might  not  be  equally  rigid  and  yet  involve  greater 
facility  of  production  in  both  the  foundry  and  machine  shop  on 
account  of  the  reduced  sizes  of  parts  to  be  handled.  This  is  a 
question  which  depends  on  the  equipment  and  methods  of  the 
individual  shop,  and  is  an  illustration  of  the  practical  control  of 
design  by  manufacturing  conditions. 

The  brake-strap  bracket  .and  foot  lever,  also  shown  in  this 
figure,  are  examples  of  machine  parts  which  are  quite  definitely 
loaded,  and  the  designing  of  which  is  a  simple  matter.  Further 
discussion  of  their  design  is  not  made,  the  student  being  given 
opportunity  for  some  original  thought  in  determining  the  forces 
and  moments  that  control  their  design. 

Gear  Guard  and  Brake-Relief  Spring.  In  exposed  machin* 
ery  of  this  character  it  is  desirable  to  cover  over  the  gears  with  a 
guard  to  prevent  anything  accidentally  dropping  between  the 
teeth  and  perhaps  wrecking  the  whole  machine.  This  guard  is  not 
shown,  as  it  involves  little  of  an  engineering  nature  to  interest 
the  student.  It  could  readily  be  made  of  sheet  metal  or  light 
boiler  plate,  bent  to  follow  the  contour  of  the  gears  and  fastened 
to  the  top  flange  of  the  main  bracket. 

If  the  brake  be  not  automatically  supported  at  its  top  it  will 
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lie  with  considerable  pressure,  due  to  its  own  weight,  on  the  brake 
surface  when  it  is  supposed  to  be  free  from  it,  and  by  the  friction 
thereby  created  will  produce  a  heavy  drag  and  waste  of  power. 
A  spring  connection  fastened  to  an  overhead  beam  is  a  simple  way 
of  accomplishing  the  desired  result.  A  flat  supporting  strap  car- 
ried out  from  the  gear  guard,  having  some  degree  of  spring  in  it, 
is  a  neater  method  of  solving  the  problem.  The  spring  should 
be  just  strong  enough  to  counterbalance  the  weight  of  the  strap 
and  yet  not  resist  to  an  appreciable  degree  the  force  applied  to 
throw  the  brake  on. 

GENERAL  DRAWING. 

The  last  step  in  the  process  of  design  of  a  machine  is  the 
making  of  the  assembled  or  general  drawing.  This  should  be 
built  up  piece  by  piece  from  th*e  detail  drawings,  thereby  serving 
as  a  last  check  on  the  parts  going  together.  This  drawing  may 
be  a  cross  section  or  an  outside  view.  In  any  case  it  is  not  wise 
to  try  to  show  too  much  of  the  inside  construction  by  dotted  lines, 
for  if  this  be  attempted,  the  drawing  soon  loses  its  character  of 
clearness,  and  becomes  practically  useless.  A  general  drawing 
should  clearly  hint  at,  but  not  specify,  detailed  design.  It  is 
just  as  valuable  a  part  of  the  design  as  the  detail  drawing,  but 
it  cannot  be  made  to  answer  for  both  with  any  degree  of  success. 
A  good  general  drawing  has  plenty  of  views,  and  an  abundance  of 
cross  sections,  but  few  dotted  lines. 

The  general  drawing  of  the  machine  under  consideration  is 
left  for  the  student  to  work  up  from  the  complete  details  shown. 
It  would  look  something  like  the  preliminary  layout  of  Fig.  10,  if 
the  same  were  carefully  carried  out  to  finished  form.  A  plain  out- 
side  view  would  probably  be  more  satisfactory  in  this  case  than  a 
cross  section,  as  the  latter  would  show  little  more  of  value  than  the 
former.  The  functions  which  the  general  drawing  may  serve  are 
many  and  varied.  Its  princi|)al  usefulness  is,  perhaps,  in  showing 
to  the  workman  how  the  various  parts  go  together,  enabling  him  to 
sort  out  readily  the  finished  detail  parts  and  assemble  them,  finally 
producing  the  complete  structure.  Otherwise  the  making  of  a 
machine,  even  with  the  parts  all  at  hand,  would  be  like  the  putting 
together  of  the  many  parts  of  an  intricate  puzzle,  and  much  time 
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would  be  wasted  in  trying  to  make  the  several  parts  fit,  with  per- 
haps  never  complete  success  in  giving  each  its  absolutely  correct 
location. 

The  general  drawing  also  gives  valuable  information  as  to  the 
total  space  occupied  by  the  completed  machine,  enabling  its  loca- 
tion in  a  crowded  manufacturing  plant  to  be  planned  for,  its  con- 
nection to  the  main  driving  element  arranged,  and  its  convenience 
of  operation  studied. 

In  some  classes  of  work  it  is  a  convenient  practice  to  letter 
each  part  on  the  general  drawing,  and  to  note  the  same  letters  on 
the  specification  or  order  sheet,  thus  enabling  the  whole  machine 
to  be  ordered  from  the  general  drawings.  This  is  a  very  excel- 
lent service  performed  by  the  general  drawing  in  certain  lines  of 
work,  but  for  such  a  purpose  the  drawing  is  quite  inapplicable 
in  others. 

Merely  as  a  basis  for  judgment  of  design,  the  general  drawing 
fulfils  an  important  function  in  any  class  of  work,  for  it  approaches 
the  nearest  possible  to  the  actual  appearance  that  the  machine  will 
have  when  finished.  A  good  general  drawing  is,  for  critical  pur- 
poses, of  as  much  value  to  the  expert  eye  of  the  mechanical 
engineer  as  the  elaborate  and  colored  sketch  of  the  architect  is  to 
the  house  builder  or  landscape  designer. 

From  the  above  it  is  readily  understood  that  the  general 
drawing,  although  a  mere  putting  together  of  parts  in  illustration, 
is  yet  of  great  assistance  in  producing  finished  and  exact  machine 
design. 

GENERAL  COMMENTS  ON  PRECEDING  PROBLEM. 

After  following  through  the  detail  of  work  as  given  in  the 
preceding  pages,  it  is  worth  while  to  stop  for  a  moment  and 
take  a  brief  survey  or  review  of  the  subject  as  illustrated  therein. 

If  the  text  be  carefully  studied  it  will  be  seen  that  in  every 
part  to  be  designed  the  same  routine  method  has  been  followed, 
regardless  of  the  final  outcome.  In  some  cases  it  may  seem  a 
roundabout  procedure  to  follow  a  train  of  thought  that  finally 
ends  in  a  design  apparently  based  on  purely  practical  judgment, 
the  theory  having  had  but  very  little  if  any  influence.  The  ques- 
tion at  once  arises — Why  not  use  the  empirical  rule  or  formula  in 
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the  first  place  ?  Why  not  make  a  good  guess  at  once  ?  Why  not 
save  all  the  time  and  energy  devoted  to  a  careful  analysis  and 
theory,  if  we  are  finally  to  throw  them  away  and  not  base  our 
design  on  them  ? 

The  principle  to  be  noted  in  this  connection  is,  that  it  is  just 
as  fatal  to  good  design  to  rely  upon  bare  experience  and  upon 
judgment  alone,  as  it  is  to  construct  solely  according  to  what  pure 
theory  tells  us.  There  are  inanjr  things  in  the  operation  of 
machinery  that  are  totally  inexplicable  from  the  purely  practical 
point  of  view,  and  will  forever  remain  so  until  we  analyze  them 
and  theorize  on  them.  Many  good  things  in  machinery  have 
been  the  result  of  what  might  be  called  "  reversed "  machine 
design.  When  a  new  machine  is  started,  it  frequently,  or  we 
might  almost  say  always,  fails  to  do  its  work  just  as  it  is  expected 
to  do  it.  This  is  because  some  little  point  of  design  is  bad,  owing 
to  the  inability  of  drawings,  however  good  they  may  be,  to  show 
all  that  the  machine  itself  in  bodily  form  and  in  motion  shows. 

Now,  if  our  analysis  and  theory  have  been  good  in  the 
designing  process,  it  is  almost  sure  that  we  can  very  readily 
analyze  and  theorize  on  the  trouble  that  exists  when  the  machine 
is  finished,  can  detect  the  weakness,  and  can  correct  it  with  com- 
paratively small  change  in  the  general  design.  This  is  "  reversed  " 
machine  design. 

If,  on  the  contrary,  we  have  based  our  design  purely  on  guess- 
work, allowing  our  fancy  full  and  free  play  to  work  out  the  details 
without  further  basis,  we  may  consider  ourselves  lucky  if  the 
machine  runs  at  all.  This,  however,  is  not  the  worst  of  the 
situation.  If  the  machine  does  actually  operate,  even  as  well  as 
it  might  reasonably  be  expected  to,  but  still  has  the  usual  diffi- 
culty of  some  little  kink  or  hitch  that  was  not  expected,  then,  as  a 
result  of  the  method  upon  which  the  whole  thiug  has  been  con- 
structed, we  have  no  definite  plan  of  action  to  proceed  upon.  We 
must  try  first  this,  then  that  scheme  to  obviate  the  trouble.  We 
may  be  fortunate  enough  to  "strike  it"  the  first  time  ;  we  may 
never  strike  it.  It  is  doubtful  if  the  machine  ever  can  be  made  to 
work  at  highest  efficiency  ;  and  if  fairly  good  results  be  finally 
obtained  we  never  know  the  reason  why,  and  have  nothing  on 
which  to  base  any  future  action  or  design. 
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This  haphazard  process  is  not  machine  design  at  all,  either 
in  name  or  in  result. 

As  has  previously  been  stated  in  these  pages,  there  is  no 
such  thing  as  too  much  analysis  or  theory  in  the  designing  of 
machinery.  Even  if  we  carefully  analyze,  theorize  with  rigorous 
exactness,  and  then  practically  modify  our  construction  to  such  a 
point  that  the  original  theoretical  shape  is  almost  or  entirely  lost, 
the  apparently  roundabout  process  is  not  in  vain,  for  we  are  in  per- 
fect control  of  our  design.  We  know  exactly  what  it  has  to  take  in 
the  way  of  forces,  blows  and  vibrations.  We  know  what  its  ideal 
shape  should  be.  We  know  where  we  can  practically  modify  its 
form  without  weakening  it  excessively  or  adding  excess  of  material. 
In  other  words  we  know  all  about  it,  and  therefore  know  exactly 
what  we  can  do  with  it ;  and  whether  it  follows  in  its  shape  the 
outline  that  pure  theory  gives  it  or  some  other  outline,  it  is  never- 
theless well  designed. 

"Reversed'^  machine  design,  as  descrfbed  above,  based  on 
observation  and  experiment  with  regard  to  machines  already  in 
operation,  is  just  as  impossible  without  exact  analysis  and  theory 
as  is  original  design  based  merely  on  mechanical  ideas  in  the 
abstract.  The  method  once  learned  and  made  a  habit  of  mind 
will  produce  results  with  equal  facility  in  either  case,  and  results 
are  what  the  mechanical  world  is  seeking. 

Another  point  worth  noting  in  the  progress  of  the  problem 
as  given  is  the  absolute  necessity  of  possessing  some  knowlege  of 
Mechanics.  The  more  of  this  subject  the  designer  can  have  at 
his  finger  ends,  the  more  ready  and  successful  will  he  be  in  all 
problems  of  Machine  Design.  However,  the  principles  of  forces 
and  moments  clearly  understood,  and  the  application  of  the  same 
in  the  all-important  subject,  "Strength  of  Beams,"  constitute  a 
fund  of  information  that  will  give  a  splendid  start  and  a  good 
working  basis  for  simple  designs.  It  should  always  be  remem- 
bered that  a  complicated  design  is  little  more  than  a  combination 
of  simple  designs,  and  if  one  has  the  ability  to  dissect  and  analyze 
what  seems  at  first  like  a  bewildering  maze  of  parts,  complication 
is  speedily  changed  to  simplicity. 

Common  sense  goes  a  long  way  in  good  designing.  There  is 
QOthing  mysterious  about  the  process      If  the  beginner  will  only 
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avoid  doing  things  that  are  foolish  and  ridiculous  on  their  very 
face,  if  he  will  exercise  the  same  judgment  that  he  uses  in  the 
daily  affairs  of  his  life  and  will  mix  in  something  of  mechanics  and 
mechanical  method,  he  will  be  on  the  direct  road  to  success  in  the 
art. 

Good  drawing  is  an  essential  element  of  good  design,  and  it 
is  especially  urged  that  the  sketches  and  drawings  as  reproduced 
in  the  preceding  text  be  studied  with  this  in  mind.  By  a  good 
drawing  is  meant  not  a  showy  piece  of  work,  finely  shaded  or 
artistically  lettered,  but  an  exact  layout,  definite  and  measurable, 
correctly  dimensioned  if  in  detail,  and  meaning  exactly  what  it 
says.  Machine  design  is  an  exact  science,  and  the  designer  can- 
not shirk  responsibility  by  permitting  his  work  to  be  shiftless  and 
loose.  If  he  cannot  delineate  clearly  and  in  definite  form  what  he 
determines  in  his  mind  the  structure  should  be,  then  it  is  purely 
good  luck  if  he  achieves  success,  and  it  may  safely  be  asserted  that 
the  success  is  due  to  some  subsequent  care  and  finished  design 
added  to  his  feeble  effort,  rather  than  to  any  expertness  of  his  own. 
Such  success  is  of  a  very  doubtful  nature,  and  if  not  bordering  on 
financial  loss  it  is  at  least  secured  only  at  a  low  working  efficiency. 

As  examples  of  good  drawings  the  plates  shown  are  not 
claimed  to  be  anything  extraordinary,  but  it  will  be  noted  that  they 
are  clean-cut  and  definite,  and  that  even  the  sketches  are  unmis- 
takable as  to  that  which  they  are  intended  to  illustrate.  The 
information  as  to  the  design  is  all  there;  nothing  is  left  to  the 
imagination. 

Classification  of  riachinery.  It  is  intended  to  be  made  clear 
in  all  that  has  preceded,  that  the  same  method  of  attack  and  pro- 
cedure may  be  applied  to  the  designing  of  machinery,  whatever 
may  be  the  class  or  kind.  This  is  a  fundamental  principle. 
When  it  is  logically  carried  cut,  however,  it  produces  very  differ- 
ent results,  as  is  evidenced  by  the  characteristics  of  style  peculiar 
to  each  of  the  classes  of  machinery  to  one  or  another  of  which 
all  machines  belong. 

For  example,  an  engine  lathe  has  a  style  similar  to  a  drill 
press,  or  a  boring  mill,  or  a  screw  machine,  or  a  milling  machine. 
It  is  very  different,  however,  from  the  style  of  a  steam  engine,  or 
a  pump,  or  an  air  compressor,  or  a  locomotive;  it  is  still  more  dif- 
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ferent  from  the  style  of  a  rolling  mill,  or  a  link  belt  conveyor,  or 
a  coal  crusher,  or  a  stamp  mill. 

These  classes  of  machinery  are  so  distinctly  marked  that  the 
novice  is  easily  able  to  perceive  that  there  is  some  controlling 
influence  in  each  which  marks  its  peculiar  style.  He  should  at 
the  same  time  see  that  the  very  analysis  that  has  been  so  strongly 
insisted  upon  in  these  pages  is  the  direct  cause  of  the  marked 
characteristic  in  design.  Each  class  of  machinery  must  satisfy 
certain  exacting  conditions  different  from  those  of  any  other,  and 
it  is  the  careful  study  of  these  conditions,  as  fundamentally 
enforced,  which  leads  to  the  strictly  logical  design. 

A  few  of  the  most  common  classes  are  enumerated  below, 
and  their  prominent  features  noted.  It  is  hoped  that  a  study  of 
them  will  familiarize  the  student  in  a  general  way  with  the 
requirements  of  each,  and  serve  as  a  guide  to  a  more  comprehen- 
sive study  of  their  detail  design  than  is  possible  in  these  pages. 

Machine  Tools.  Examples: — lathe,  planer,  milling  machine, 
drill  press,  screw  machine,  boring  mill,  grinding  machine,  etc.,  etc. 

The  machines  of  this  class  are  all  utilized  for  the  finishing  of 
metal  surfaces.  They  are  really  at  the  root  of  the  production  of 
machinery  of  all  other  classes.  Accuracy  is  their  prime  character- 
istic — accuracy  of  construction,  accuracy  of  operation,  accuracy  of 
adjustment.  Any  inaccuracy  that  exists  primarily  in  a  machine 
tool  is  reproduced  in  every  piece  upon  which  it  produces  a  finished 
surface ;  and  since  the  mere  act  of  finishing  a  surface  upoa  any- 
thing implies  that  a  rough  and  inaccurate  surface  will  not  answer, 
the  tool  then  fails  of  its  purpose  if  it  cannot  produce  a  true  sur- 
face: it  does  not  accomplish  that  for  which  it  was  designed. 

The  effect  that  this  element  of  accuracy  has  upon  the  design 
of  a  machine  tool  is  to  require  long  bearings,  convenient  and  exact 
methods  of  adjustment,  stiffness,  excess  of  material  to  absorb 
vibration,  special  shapes  to  facilitate  application  of  jigs,  fixtures, 
and  exact  manufacturing  devices  insuring  interchangeability  of 
parts,  dust  guards,  and  automatic  lubrication. 

Machine  tools  are  essentially  machines  of  maximum  output, 
and  depend  for  their  success,  not  only  upon  their  accuracy  as 
noted,  but  also  upon  their  ability  to  do  the  greatest  amount  of  work 
per  square  foot  of  space  occupied,  with  the  least  amount  of  manual 
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labor  and  attention  on  the  part  of  the  operator.^  This  is  especially 
true  of  automatic  machinery,  which  perhaps  might  be  classed  by 
itself  in  this  respect,  but  which  is  nevertheless  included  under  the 
broad  term  of  a  machine  for  producing  flnished  surfaces,  being 
merely  the  highest  and  most  refined  form  of  same.  For  machines 
of  this  class  the  designer  has  to  study  every  detail  with  the  most 
minute  attention,  packing  away  the  operating  parts  into  the 
smallest  space  and  yet  providing  ready  means  for  access,  removal, 
and  repair.  Clearances  that  would  be  too  little  for  other  kinds  of 
machinery  are  permitted  and  provided  for;  material  of  high  grade, 
strength,  and  wearing  quality,  though  expensive  in  first  cost,  and 
requiring  the  most  exj>ert  skill  to  finish  and  to  fit  into  place,  must 
be  used  in  order  to  keep  the  machine  compact  and  yet  of  large 
capacity,  to  make  it  reasonably  light  in  weight  and  yet  amply 
strong. 

Another  point  which  has  a  great  influence  on  the  design  of  a 
machine  tool  is  that  we  can  never  tell  in  advance  just  what  it  will 
have  to  stand  in  work,  for  the  variation  in  the  material  that  it  fin- 
ishes, the  uncertain  skill  of  the  operator  who  runs  it,  the  crowding 
to  its  limit  of  capacity  and  even  beyond  in  times  of  press  of  business, 
and  the  many  other  stresses  that  may  suddenly  and  without  warn- 
ing be  thrown  upon  it,  must  all  be  thought  of  and  provided  for. 

The  points  above  mentioned  are  but  a  few  of  those  which  the 
designer  of  machine  tools  has  to  meet,  and  are  presented  merely 
as  illustrations  to  show  the  special  skill  required  in  this  class  of 
machinery.  It  is  readily  seen  that  while  the  machine  tool 
designer  has  great  latitude  in  choice  of  material  and  in  expendi- 
ture of  money  for  refinement  of  structure — perhaps  greater  lati- 
tude than  in  any  other  class,  yet  he  is  held  down  as  in  no  other 
to  the  final  productive  results,  a  small  percentage  of  failure  entirely 
throwing  out  the  machine  as  a  marketable  product. 

The  style  and  external  appearance  of  machine  tools  have  a 
character  of  their  own  resulting  from  this  extreme  detailed  care  in 
design.  Corners  and  fillets  are  carefully  rounded;  surfaces  and 
intersections  are  definitely  made;  in  short,  the  mechanical  beauty 
of  a  machine  tool  is  seen  only  from  a  near  view  and  close  inspec- 
tion, and  it  is  to  this  end  that  the  design  is  constantly  directed 
Appearance  is  a  large  factor  in  the  sale  of  a  fine  tool,  and  the 
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prestige  of  the  American  trade  abroad  in  this  respect  is  very 
noticeable. 

Motive-Power  riachinery.  Examples: — Steam  engine,  gas 
engine,  air  compressor,  steam  pump,  hydraulic  machinery,  etc.,  etc. 

The  element  of  heat  enters  into  the  design  of  all  machinery 
in  this  class.  The  natural  agents,  air,  gas,  and  water,  in  their 
various  forms,  are  taken  into  the  machine  in  the  most  efficient 
form  in  which  it  is  possible  to  obtain  them,  are  robbed  of  their 
energy  to  provide  power,  and  are  discharged  in  a  form  as  weak 
and  inert  as  the  efficiency  of  the  machine  will  determine. 

In  contrast  to  the  class  of  machinery  just  studied,  it  should 
be  noted  that  these  machines  do  not  produce  any  material  thing; 
that  is,  they  do  not  produce  finished  surfaces  on  metals,  make 
screws  or  bolts,  bore  holes  in  castings,  or  turn  line  shafting. 
They  merely  take  the  energy  of  the  natural  agent,  which  is  not  in 
a  form  available  for  use,  and  transform  it  into  motive  power  for 
general  use. 

Hence  the  element  of  accuracy  as  entering  into  the  design  of 
these  machines  is  necessary  only  for  their  own  efficient  operation, 
and  not  for  the  quality  of  the  thing  which  they  produce,  as  in  the 
case  of  machine  tools.  For  example,  the  power  furnished  by  one 
steam  engine  to  drive  a  line  shaft  is  as  good  as  that  of  another  as 
far  as  the  rotating  of  the  shaft  is  concerned,  provided,  of  course, 
that  both  are  equipped  with  the  same  quality  of  governing  mechan- 
ism. The  fact  that  one  of  the  engines  has  a  good  adjusting  device 
on  the  main  bearing  while  the  other  has  not  is  of  no  consequence 
from  the  standpoint  of  the  line  shaft,  but  it  is,  of  course,  of  con- 
sequence respecting  the  efficient  operation  of  the  engines. 

The  design  of  steam  engines  and  similar  machines  is  of  a 
rough  nature  compared  with  that  of  machine  tools,  as  far  as  the 
detail  of  surface  is  concerned.  General  accuracy  is  nevertheless 
essential  for  the  machine's  own  sake,  but  while  in  the  machine 
tool  we  deal  with  thousandths  of  an  inch,  in  the  steam  engine 
hundredths  of  an  inch  indicates  fine  work. 

These  machines  are  subject  to  extremes  of  temperature  that 
have  to  be  provided  for  in  the  design  and  arrangement  of  the  parts. 
Being  prime  movers,  controlling  the  operation  of  many  machines, 
they  must  be  certain  to  run  during  their  period  of  work;  hence 
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design  and  adjustment  must  be  positive,  and  when  the  latter  can- 
not  be  made  while  running,  it  must  be  quickly  and  definitely  accom- 
plished when  a  stop  is  made.  Simplicity  of  construction  is  essential, 
facilitating  cheap  and  quick  repairs.  The  design  should  be  such 
that  constant  attention  while  running  is  avoided,  the  usual  atten- 
tion of  the  engineer  being  a  safeguard  rather  than  an  implied  fac- 
tor of  the  original  design.  General  rigidity  and  stiffness  are 
important,  also  good  balancing  of  the  moving  parts,  and  weight  for 
absorption  of  vibration ;  otherwise  under  the  constant  daily  run  the 
machines  will  tear  to  pieces  not  only  themselves  but  their  founda- 
tions. 

As  far  as  external  appearance  goes  in  this  and  subsequent 
classes  to  be  mentioned  we  are  on  a  very  different  basis  from  that 
of  machine  tools.  General  mechanical  symmetry  of  form  is  aimed 
at  in  the  design,  and  the  several  smaller  parts  depend  for  their  out- 
line  (aside  from  considerations  of  strength,  which  are,  of  course, 
always  in  order)  upon  the  harmonious  relation  which  they  bear  to 
the  main  and  fundamental  elements  of  the  machine.  Such 
machinery  as  air  compressors,  steam  engines,  pumps,  and  the  like 
are  viewed  as  a  whole,  and  criticised,  not  detail  by  detail,  as  is  the 
machine  tool,  but  as  to  general  effect  of  outline  observed  from 
some  distance.  To  convey  the  desired  effect  to  the  eye  the  design 
must  be  bold  and  massive,  connections  simple  and  direct,  and  the 
smaller  parts  must  not  be  so  dwarfed  in  size  as  to  appear  like  deli- 
cate ornaments  instead  of  integral  parts  of  the  machine.  The  lines 
of  connected  parts  must  be  continuous  from  one  part  to  the  other; 
and  when  interrupted  by  flanges,  bosses,  or  lugs,  the  latter,  which 
are  merely  incidental  to  the  former  must  not  be  allowed  to  obscure 
wholly  the  main  lines  of  the  fundamental  pieces. 

It  is  attention  to  such  points  as  these  that  marks  the  difference 
between  well-designed  motive-power  machinery  and  that  of  the 
opposite  character.  Even  though  the  little  details  of  fillets  and 
corners  and  surfaces  may  have  their  effect  from  a  close  point  of 
view,  the  design  will  stand  or  fall  in  excellence  on  its  bolder 
features,  as  noted  above. 

Structural  Machinery.  Examples: — Hoists,  cranes, elevators, 
transfer  tables,  locomotives,  cars,  conveyors,  cable- ways,  etc.,  etc. 

In  the  two  preceding  classes  that  have  been  noted,  cast  iron 
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in  the  form  of  fonndiy  castings  enters  aa  the  principal  material. 
Steel  is  utilized  for  ehafte,  atiids,  pins,  and  kejB.  Also  special 
forgings,  malleable  Iron  and  steel  castings  enter  as  factors  in  the 
production  of  the  machinery  discussed.  Foundry  castinga,  how- 
ever, compose  the  great  body  of  the  material  used,  and  the  chief 
problems  involved  are  those  of  the  expert  moulding  of  cast  iron, 
and  the  handling  and  finishing  of  the  same.  For  the  operating 
parts,  steel  of  fine  grade  is  used  in  highly  liniahed  form,  expens- 
ive because  of  its  fineness,  and  yet  a  necessity  to  the  extent  it  is 
used.  Brass  and  bronze  are  used  in  the  same  way,  generally  in 
connection  with  the  bearings  for  the  ahafts. 

Structural  machiuery,  on  the  contrary,  uses  steel  ae  the  basis 
of  its  construction.  The  fundamental  structure  is  built  up  of 
plates,  channels,  beams,  and  angles;  castings,  though  numerous, 
are  relatively  small,  being  rivete<i  or  bolted  to  the  main  structure 
and  controlled  in  their  design  by  its  requirements. 

Steel  is  used  in  this  manner  partly  because  the  exclusive  use 
of  castings  is  prohibited  on  account  of  the  excessive  weight,  and 
therefore  expense,  and  partly  because  castings  could  not  be  made 
which  would  possess  the  necessary  toughness  and  Btrength.  In 
many  cases  the  size  of  the  machinery  is  such  that  castings,  even 
if  they  could  be  made,  would  not  support  their  own  weight. 
Moreover,  machinery  of  this  class  is  subjected  to  rough  service, 
and  yet  must  be  practically  infallible  under  all  conditions,  neither 
being  uncertain  in  operation  at  critical  momenta  nor  entirely  fail- 
ing under  an  extraordinary  load. 

The  design  of  structural  machinery  is  tied  up  to  con- 
ditions existing  largely  outside  of  the  locality  in  which  the  ma- 
chi.iery  is  built.  The  steel  plates  and  structural  shapes  required, 
being  products  of  the  rolling  mill,  have  to  conform  to  the  latter's 
standards.  The  rivets,  bolts  and  other  fastenings  have  to  be  in 
accordance  with  the  established-  practice  of  the  structural  iron 
worker,  in  order  to  permit  punching,  shearing  and  bending  ma- 
chinery of  regiilar  form  to  be  utilized.  Shipment  on  standard 
railway  cars  has  to  be  considered,  the  design  often  requiring  to  be 
modified  to  permit  this  and  nevertheless  insure  positive  and 
accurate  assembling  in  the  field. 

Steel  castings,  both  large  and  small,  find  ready  application  in 
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this  class  of  work;  also  steel  forgings,  requiring  to  be  worked 
under  a  heavy  hammer  and  in  many  cases  by  specially  devised 
processes. 

In  structural  design  less  of  the  actual  process  of  manufacture 
is  under  the  eye  of  the  designer  than  in  the  former  classes  of 
machinery  which  have  been  considered,  and  hence  more  allowance 
has  to  be  made  for  things  not  coming  exactly  right  to  the  fraction 
of  an  inch.  It  would  be  bad  design  to  plan  any  structural  piece 
of  work  with  the  same  closeness  of  detail  permitted,  and  in  &ct 
required,  in  the  case  of  machine  tools,  or  even  in  the  case  of  motive- 
power  machinery.  In  planning  structural  work  the  idea  must  be 
carried  out,  of  certainty  of  operation  in  spite  of  roughness  of  detail 
and  variations  of  construction.  This  does  not  necessarily  imply 
inaccuracy,  or  shiftless,  loosely  constructed  machinery;  on  the  con- 
trary, quite  the  reverse.  The  locomotive,  for  example,  is  one  of 
the  most  refined  pieces  of  mechanism  that  exists  today;  and  yet 
the  methods  applied  to  the  construction  of  machine  tools  would 
prove  a  failure  on  the  locomotive.  The  design  of  a  car  axle  box 
has  to  be  just  right  else  it  will  heat  and  destroy  itself;  the  same  is 
true  of  the  spindle  of  a  fine  engine  lathe;  and  yet  how  rough  the 
former  is  compared  with  the  latter,  and  how  unsuited  either  would 
be  for  use  on  the  service  of  the  other. 

As  a  general  rule  structural  machinery  can  be  more  closely 
proportioned  to  theoretically  calculated  size  than  can  the  preceding 
types.  The  rolled  material  of  which  it  is  made  is  of  a  uniform 
and  homogeneous  nature  owing  to  its  process  of  manufacture, 
hence  its  every  fibre  may  be  counted  on  to  sustain  its  share  of  the 
total  load  imposed  upon  it.  This  is  in  sharp  contrast  to  the  case 
of  cast  iron,  which  is  of  such  a  porous  and  irregular  structure  that 
we  have  to  use  a  large  factor  of  safety  to  cover  this  inherent 
defect. 

Steel  castings  of  both  small  and  large  size  (which  are  quite 
apt  to  be  utilized  in  this  class  of  machinery  for  parts  that  can  with 
diflBculty  be  made  out  of  rolled  material),  if  properly  designed  of 
uniform  thickness,  with  all  corners  well  filleted  and  with  the 
channels  for  the  flow  of  the  molten  metal  direct  and  ample,  are 
nearly  as  reliable  as  rolled  steel.  In  parts  subject  to  excessive 
vibration^  shocks^  and   sudden  wrenchings,  as,  for  example,  the 
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side  framee  or  the  connecting  rod  of  a  locomotive,  the  forged  and 
hammered  material  is  practically  a  necessity.  This  is  especially 
the  case  when  the  possible  breakage  of  the  part  would  cause 
serious  consequences  involving  heavy  loss  of  life  and  property. 

From  the  several  points  of  view  as  above  considered,  it  can 
be  readily  appreciated  that,  while  structural  work  is  in  one  sense 
rough  and  unpolished,  yet  it  requires,  from  an  engineering  stand- 
point, quite  as  much  breadth  of  experience  and  judgment  as  any 
of  the  other  types.  The  fine-tool  designer,  least  of  all,  perhaps, 
requires  book  theory,  but  does  require  an  extended  machine-shop 
experience.  The  designer  of  motive-power  machinery  needs  pure 
physical  theory  apd  shop  experience  of  a  large  and  broad  scope. 
The  structural  designer  is  least  of  all  concerned  with  refined  and 
minute  finishing  processes,  but  utilizes  his  theory  absolutely,  even 
though  roughly. 

Mill  and  Plant  Machinery.  Examples: — Eolling  mills, 
mining  machinery,  crushers,  stamps,  rock  drills,  coal  cutters,  the 
machinery  of  blast  furnaces  and  steel  mills,  tube  mills,  etc.,  etc. 

This  machinery  constitutes  a  class  which  in  the  roughness 
of  its  operation  exceeds  all  others.  Moreover,  it  is  machinery 
which  for  the  most  part  is  in  continuous  operation — 24  hours  per 
day  and  365  days  in  the  year.  Hence  refinement,  even  such  as 
might  be  permitted  in  the  preceding  class  of  Structural  Machinery, 
would  be  fatal  here.  The  conditions  that  surround  plant  machinery 
are  unfavorable  in  the  extreme  to  the  life  of  any  material  or  metal, 
and  it  is  not  possible  to  change  these  conditions  or  give  more 
than  partial  protection  to  the  operating  parts.  Hence  the  design 
of  such  machinery  must  proceed  primarily  on  the  assumption 
that  abuse  and  neglect,  grinding  away  of  surfaces,  chemical  eating 
away  of  metal,  flooding  of  parts  with  water  gritty  and  corrosive, 
subjection  to  sudden  bursts  of  flame  and  intense  heat,  etc.,  will 
in  a  relatively  short  time  totally  destroy,  perhaps,  the  entire 
structure. 

In  view  of  the  continuous  nature  of  the  working  process, 
which  must  be  kept  up  in  spite  of  these  almost  insurmountable 
conditions,  the  problem  in  each  case  becomes  one  of  expediency; 
and  the  designs  and  arrangement  of  machinery  must  be  so  worked 
Qfat  that  operation,  repair,  construction,  and  installation  can  all  go 
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on  simnltaneonsly  without  stopping  the  continnons  process,  and 
with  bat  a  small  degree  of  inconvenience  to  the  operation  of  the 
plant. 

This  problem,  difficult  though  it  may  seem,  can  be  worked 
out  successfully,  as  is  evidenced  by  the  great  number  of  plants  of 
the  continuous  character  operating  at  high  efficiency  throughout 
the  world.  The  engineering  and  designing  skill  required  to  ac- 
complish this,  is  perhaps  of  the  highest  degree  met  with  in  mod- 
ern practice,  for  in  it  is  involved  a  working  knowledge  of  the 
possibilities,  if  not  the  detailed  designs  of  machinery  included  in 
all  classes.  And  yet,  as  in  the  most  elementary  case  of  simple 
design  that  can  be  conceived,  the  result  is  accomplished  in  the 
same  way,  namely,  by  studying  the  conditions  (analysis),  devel- 
oping an  ideal  application  to  those  conditions  (theory),  and  then 
reducing  the  ideal  design  to  a  practical  basis  (modification). 

A  Few  Pointed  Suggestions  on  Original  Design.  Original 
design  deals  with  the  development  of  original  mechanical  ideas. 
The  prime  requisite  for  the  development  of  an  idea  is  to  under- 
stand thoroughly  the  idea  in  the  rough.  See  distinctly  the  mark 
aimed  at,  and  never  lose  sight  of  it.  If  a  method  of  reaching  it 
is  already  outlined,  understand  that  also  thoroughly  and  the  prin- 
ciples involved.  It  is  impossible  to  go  ahead  blindly  and  hope  to 
come  out  right.  No  good  machine  was  ever  built  that  does  not 
stand  for  hours  of  concentrated  thought  on  the  part  of  its  designer. 
Good  machines  never  happen^  they  always  groio. 

Just  as  soon  as  the  object  to  be  accomplished  is  clearly  under- 
stood, begin  to  produce  some  visible  work  on  the  problem.  Sketch 
something.  Get  some  ideas  on  paper.  Ideas  on  paper  suggest 
other  ideas.  If  the  problem,  for  example,  is  one  of  lathe 
design,  sketch  a  rectangle,  and  call  it  the  headstock;  another  rec- 
tangle, and  call  it  the  footstock;  a  couple  of  scratches  for  the 
centers;  some  steps  for  the  cone  pulley;  three  or  four  lines  for  the 
bed ;  and  as  many  more  for  the  supports.  There  is  now  something 
on  paper  to  look  at;  the  design  is  begun. 

It  is  much  better  to  stare  at  this  sketch,  than  into  blank 
space  trying  to  imagine  the  finished  design.  No  matter  how  rough 
the  sketch  may  be,  a  short  study  of  it  will  develop  some  limiting 
conditions  that  before  were  not  apparent.     Guess  at  a  few  rough 
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dimensions;  put  them  on  the  sketch;  develop  another  view — a  plan 
or  a  side  elevation — all  still  in  the  roughest  style,  without  any 
regard  to  finished  detail.  Information  will  be  growing  all  the 
while,  and  the  problem  will  be  opening  up.  At  this  stage  it  is 
probable  that  the  sketch  can  easily  be  seen  to  be  wrong  in  many 
respects.     Perhaps  the  arrangement  will  not  do  at  all. 

This  is  a  good  sign.  It  shows  that  the  design  is  progressing. 
It  is  a  valuable  thing  to  know  that  certain  plans  cannot  be  fol- 
lowed. Do  not  rub  out  part  of  the  sketch  already  made  and  try 
to  remedy  it.  Begin  again.  Make  another  sketch.  Sketch  paper 
is  cheap.  By  and  by  it  may  prove  to  be  very  desirable  to  have 
that  first  rough  outline  available  for  comparison ;  or  it  may  be  that 
some  of  its  ideas  can  be  applied  on  other  sketches.  The  second 
sketch  may  "show  up"  little  or  no  better  than  the  first.  Make 
another,  and  another,  and  another,  until  the  subject  is  thoroughly 
digested.  It  is  wonderful  how  helpful  it  is  to  have  some  marks 
on  paper  relative  to  a  design,  even  though  they  be  of  the  utmost 
crudeness.  They  save  imaginative  power  tremendously;  and,  even 
with  them,  all  available  powers  of  imagination  will  be  needed 
before  the  design  is  perfected. 

A  careful  comparison  of  one's  sketches,  rejecting  here,  and 
approving  there,  will,  little  by  little,  bring  about  a  definite  opinion, 
and  the  scale  drawing  can  be  begun. 

As  in  the  case 'of  the  first  sketch,  so  in  the  case  of  the  first 
scale  drawing,  get  some  lines  on  paper  as  quickly  as  possible. 
Draw  something,  even  if  it  is  nothing  more  than  a  straight  hori- 
zontal line.  Do  not  stare  at  blank  paper  for  an  hour  trying  to 
imagine  how  the  tenth  or  eleventh  line  is  going  to  be  drawn  in 
relation  to  the  first  line.  Do  not  worry  about  the  later  lines 
until  it  is  time  for  them.  Draw  the  first  line  at  once;  and,  when 
the  second  line  is  drawn,  if  the  first  line  proves  to  be  wrong, 
make  it  right.  As  ia  the  rough  sketch,  that  first  horizontal  line 
is  an  immense  relief  from  the  great  waste  of  blank  paper  of  a 
fresh  sheet.  It  is  something  to  look  at.  It  is  the  beginning  of  a 
detailed  design.  If  it  happens  not  to  be  the  absolutely  correct 
foundation  to  build  upon,  it  at  least  is  something  to  tear  down. 
The  main  purpose  of  these  preliminary  drawings  is  to  keep  the 
mind  active  on  the  problem;  and  advance  toward  the  final  accom- 
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plishment  of  the  design  is  often  made  quite  as  rapidly  by  discover- 
ing what  to  tear  down  as  by  consistently  building  up. 

When  a  detail  draftsman  who  has  been  used  to  having  all  his 
work  laid  out  for  him  by  an  expert  designer  attempts  to  take  up 
original  work  for  himself,  he  encounters  the  drawing  of  that  first 
line  in  a  way  he  never  did  before.  He  is  apt  to  worry  for  some 
time  over  the  possible  or  impossible  results  of  drawing  that  first 
line.  If  he  continue  this,  he  will  be  sure  to  fail.  The  second  line 
is  much  easier  to  draw  than  the  first,  and  the  third  than  the  second ; 
and  the  next  hundred  will  follow  on  in  comparatively  smooth 
sequence,  all  because  of  bold  action  on  the  first  few  lines. 

And  yet,  just  as  the  design  appears  to  be  progressing  smoothly, 
and  the  advanced  progress  of  the  drawing  seems  cause  for  congratu- 
lation, careful  consideration  may  disclose  a  "snag"  not  previously 
known  to  exist  in  the  problem.  Further  study  pursued  along 
the  line  of  this  new  discovery  may  show  that  the  whole  layout 
thus  far  has  been  radically  wrong,  and  that  a  fresh  starl  will  have 
to  be  made.  At  such  a  time  the  young  designer  is  apt  to  feel 
that  his  labor  has  all  been  thrown  away,  and  he  becomes  discour- 
aged.  There  is,  however,  no  cause  for  discouragement.  Machine 
Design  might  almost  be  defined  to  be  the  "successful  elimination 
of  snags."  It  takes  some  ability  to  discover  an  obstacle  of  this 
sort;  to  know  a  "snag"  when  an  opportunity  to  see  it  is  given. 
It  takes  a  good  designer  to  eliminate  such  a  difliculty  after  it  has 
been  found.  If  there  were  no  "snags"  it  would  not  require  great 
ability  to  design  machines.  Many  machines  fail  because  in  them 
there  are  a  lot  of  undiscovered  "snags."  Others  fail  because  the 
"snags,"  although  discovered,  were  not  eliminated  by  careful  design. 

Do  not  be  afraid  to  make  a  lot  of  "first"  drawings.  It  is 
just  as  important  to  digest  the  design  thoroughly  by  means  of 
scale  drawings,  as  it  was  to  digest  it  originally  by  means  of 
the  rough  sketches.  An  attempt  to  make  the  first  drawing  of  an 
original  design  absolutely  right  would,  it  is  safe  to  say,  produce  a 
poor  design,  one  that  could  be  much  improved  by  further  trial. 
Let  the  drawings  multiply,  one  after  another,  until  the  final  one 
is  reached,  in  which  the  perfection  of  detail  will  eliminate  all  the 
bad  points  of  the  preceding  drafts  and  incorporate  good  ones  of  its 
own  based  on  the  study  of  the  others. 


MACHINE  DESIGN  73 

And  yet  it  is  often  true  that  the  first  design  laid  out,  even 
after  many  others  have  been  developed,  may  be  found  to  possess 
features  that  render  a  return  to  it  desirable.  This  is  why  it  is 
always  better  to  produce  a  collection  of  designs  than  to  attempt 
to  rub  out  and  work  over  the  first  one.  The  best  designers  usually 
have  a  great  number  of  sketches  showing  how  to  accomplish  a 
single  result.  Likewise,  they  also  have  a  series  of  layouts  to  scale, 
showing  in  detailed  form  the  development  of  their  various  ideas. 
This  is  because,  without  a  careful  consideration  of  many  methods, 
they  themselves  feel  incompetent  to  judge  of  the  best  design  pos- 
sible for  accomplishing  a  given  result. 

Sketches  and  original  designs  should  always  be  dated  and 
signed.  Different  designers  may  be  working  on  the  same  prob- 
lem, and  priority  of  design  wdll  never  be  allowed  except  upon 
signed  and  witnessed  papers.  It  is  embarrassing  Jo  find,  after 
months  and  perhaps  years  have  passed  since  an  original  drawing 
was  made,  that  one's  rights  have  been  preempted  merely  because 
there  was  no  date  or  signature  to  define  them. 

In  redesigning  or  modifying  an  existing  machine,  never  make 
a  change  merely  for  the  sake  of  doing  so.  Give  the  good  points  of 
the  machine  a  chance,  and  devote  attention  in  the  new  design  to 
correcting  the  bad  points.  It  is  in  bad  taste,  if  it  be  not  actually 
childish,  to  "look  wise  and  suggest  a  change"  in  details  which 
happen  to  have  been  designed  by  another  party,  but  which,  never- 
theless, are  by  common  engineering  judgment  pronounced  good 
for  the  special  work  intended.  This  element  of  unfair  and  selfish 
criticism  has  more  than  a  moral  bearing.  When  it  is  carried  into 
the  superintendence  of  designing  work,  it  extinguishes  the  person- 
ality of  the  subordinate  draftsman;  his  eflSciency  as  an  original 
thinker  is  lowered;  and  narrow  designs  are  produced. 

"The  best  way   for    a    subordinate    to    dispose    of    what 
appears  to  be  a  poor  suggestion  from  a  superior,  is  to  work  it  out 
to  the  best  degree  possible.''     If  it  turns   out   to   be  good   the 
credit  of  working  it  out  belongs  to  the  man  who  did  it.     If  it  is 
actually  bad,  a  careful  working  out  will  usually  develop  the  fact 
beyond  dispute,  and  save  unprofitable  argument.     For  the  success 
or  fitilore  of  a  machine  there  is  only  one  argument  better  than 
tbe  detail  drawings,  and  that  is  the  machine  itself  in  operation. 
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Detail  drawings,  however,  are  infinitely  better  prosecutors  or 
defendants  than  a  multitude  of  wordy  counsel. 

Summary.  The  above  classification  of  machinery  might  be 
subdivided  and  extended  indefinitely,  and  on  the  broad  basis  on 
which  it  is  given  it  doubtless  does  not  cover  the  entire  field.  As 
an  illustration,  however,  not  only  of  types  of  machinery,  but  of 
methods  of  design  and  study,  it  is  hoped  that  it  may  be  of  assist- 
ance in  giving  a  start  to  the  student  of  machine  design,  in  what- 
ever class  his  interests  may  happen  to  lie. 

It  is  the  general  principles  of  the  art  which  it  is  important  to 
master.  It  is  not  the  designing  of  a  locomotive,  or  a  stationary 
steam  engine,  or  a  crane,  or  an  engine  lathe,  or  a  rolling  mill, 
which  should  be  sought  to  be  learned,  but  the  designing  of  any- 
thing that  may  confront  us.  Specializing  is  sure  to  come  to  the 
designer  in  the  course  of  his  experience,  and  when  it  does  he  merely 
fits  to  the  particular  specialty  the  principles  he  knows  for  all,  and 
jii'actically  develops  them  along  that  individual  line. 
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Iptroduction.  In  Fart  I  is  illustTHted  a  definite  and  efetemalic  method 
of  Attacking  the  design  of  a  machine  an  a  whole.  In  Part  II  the  snme  plan  is 
(ulloved  txith  regard  to  the  detail  of  its  component  parfa,  the  machine  ele- 
meDtanhli'h  are  chosen  ns  illustrations  of  the  method,  being  tbo  simplest  and 
most  familiar  forms  in  cumniun  use. 

As  before,  tbo^tudcnt  must  strive  to  f^rasp  and  absorb  the  mrfffOd  of  design 
ratber  than  any  Rpeciiic  and  established  form  of  a  machine  part.  Part  II  is 
not  a  compendium  of  design,  does  not  attempt  tu  be  complete  or  exhau  ^tive  in 
an?  of  its  chapters,  but  is  condensed  and  simplified  iu  order  to  lead  the 
student  into  ajstcmatic  mechanical  thinliing  and  lof^cal  andde'-nita  action. 
Each  chapter  is  intended  to  stimulate  to  further  and  more  cxhaus  i\-u  stud? 
■long  lines  broadi'r  than,  anil  uniler  conditions  dilforent  from  thciso  that  can 
bo  i^pecitied  in  a  general  discussion.  But  no  matter  how  deeplv  inTe-tigation 
may  bo  carried,  or  how  specialized  tbe  atud)'  may  become,  t  e  student  must 
realize  that  his  path  of  action  in  atty  case  nhntsoever  must  he  along  tbe 
lines  of  AnalygU,  Tlitory.  and  Practical  ModiJ.catum  syst«niatically  applied. 


BELTS. 

MOTATION-The  tollowiiig  rotuiion 

Uuseii  iLroughim  IhpcLaptep  on  Belli: 

A=Sectiaiial  area  nf  belt  (square iDchff) 

R  =fiudiuB  of  inillpjr  (fopl). 

=  6A. 

r  =Radini.  of  DtUcy  (inches). 

a=Width  Dtbclt  (JDcbee). 

T  =  Initial  tension  {.bs.). 

F = Fares  of  Iricliou  at  iialler  rini  (Ih^/. 

Ta-Tutal  lenKion  on  tight  side  (Ibi.). 

ft  =Tliickn«s  of  belt  (inebw) 

To^Totnl  tnnsloa  on  ulacli  Bide  (11m.}. 

lt=  Coefficient  of  friction. 

(    =  Working  tension  (,f  belt    (Iba.  per 

K==Niiinl»rotri!TDlatioDsor  i>ullmK>r 

Hiua™  ineb). 

V  =VeIocity  ol  belt  (feet  per  minute). 

n>  =M>igLtuf  belt  |>rr  cubic  inch  {lbs.}. 

eoi  braced  by  belt. 

>    =  Fr,dt..r  du«  In  c  nlfifURal  fordp. 

ANALYSIS.  "When  a  belt  is  strfttlied  uver  a  jiair  of  jmlleys, 
is  cut  o(E  at  tlie  proper  lenglli,  aid  is  liiced  together  iiilo  an  end- 
IcBB  Iiand,  it  is  evident  tbat  as  long  as  llie  Iwlt  is  at  rest  there  ia  a 
nearly  uniform  ti-iisioij  in  it  throughout  its  length,  due  lo  tlie  tight- 
nesB  with  which  the  lacing  is  (irawn  up.  If  the  distance  between 
the  pulleys  is  considerable,  the  weight  of  the  belt  itself  as  it  hangs 
between  the  pulleys  will  produce  a  slightly  greater  tension  next  to 
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tht*  |>ullt>Y8  than  exists  in  the  middle  of  the  span.  This  increase 
\)S  tt^u:^iou  due  to  the  weight  of  the  belt  would  make  but  little  dif- 
t^r^miH^  in  the  unit-stress  in  the  material  of  which  the  belt  is  made; 
Wuw  it  may  safely  be  assumed  that  the  tension  in  the  belt  when 
»t  rtH»t  is  uniform  throughout  its  entire  length. 

When  we  start  to  transmit  power  through  the  belt  by  turning 
oiu^  t>f  the  pulleys,  thereby  driving  the  other  pulley  the  condition 
of  i»trt*88  in  the  belt  is  at  once  materially  changed.  As  the  belt  is 
n  flexible  member,  we  can  transmit  only  a  pull  to  the  other  pulley, 
thort»by  turning  it  around,  the  push  which  is  at  the  same  time 
^iven  to  the  other  side  of  the  belt  merely  acting  to  make  the  belt 
unjj  or  become  slack.  Hence  the  immediate  effect  of  starting  mo- 
tion in  a  belt  is  to  change  the  condition  of  equal  tension  through- 
out  its  length,  to  that  of  unequal  tension  in  the  tw^o  sides.  The 
driving  side  is  tight,  while  the  other  is  loose,  the  former  having 
gained  as  much  tension  as  the  latter  has  lost,  and  the  sum  of  the 
two  being  practically  equal  to  the  sum  of  the  tensions  in  the  two 
aides  of  the  belt  when  at  rest.  This  is  not  strictly  true,  as  will  be 
nhown  later;  but  it  is  sufficiently  accurate  to  form  a  good  basis 
for  the  practical  design,  at  least  of  slow-speed  belts. 

Tliis  condition  of  tight  and  slack  sides  is  made  possible  by 
the  fact  that  the  belt,  in  being  wrapped  around  the  pulleys  under 
tension,  has  friction  on  their  surfaces.  Thus,  we  can  pull  hard  on 
one  side  without  slipping  the  belt  around  the  pulleys,  but  could 
not  do  this  if  the  pulleys  were  perfectly  smooth  or  frictionless,  for 
in  that  case  the  slightest  pull  on  one  side  would  slip  the  belt 
around  the  pulleys.  In  fact,  it  would  l)e  impossible  to  produce 
any  pull  by  means  of  the  driving  pulley,  for  the  pulley  would 
merely  slip  around  inside  the  belt. 

The  amount  of  pull  we  can  apply  to  the  belt  is  therefore  lim- 
ited by  the  tension  at  which  the  belt  slips  around  the  pulley. 
Moreover,  since  the  force  of  friction  between  the  belt  and  pulley 
is  dependent  u])on  the  normal  force  with  which  the  belt  is  pressed 
against  the  pulley,  and  the  coefficient  of  friction  between  the  two, 
it  is  evident  that  the  tighter  the  belt  is  laced  up,  and  the  rougher 
the  surfaces  of  the  pulley  and  belt,  the  greater  is  the  force  that 
can  be  transmitted  through  the  belt.  This  leads  to  the  conclusion 
that  it  would  be  possible  to  transmit  any  amount  of  power  through 
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any  belt  however  Bmall,  if  the  belt  were  only  laced  up  tight 
enough. 

This  conclusion  is  literally  true;  but  the  important  fact  now 
comes  in,  that  the  strength  of  the  material  of  which  the  belt  is 
made  is  limited,  and  while  theoretically  we  might  be  able  to  ac- 
complish the  above,  it  would  be  impossible  to  do  so  in  practice, 
for  at  a  certain  point  the  belt  would  break  under  the  strain.  Other 
practical  considerations  also  come  in,  which  fix  this  limit  of  power 
transmission  at  a  point  far  below  the  breaking  strength  of  th«5  ma- 
terial. 

The  complete  analysis  is  not  quite  as  simple  as  the  above,  es- 
pecially for  high-speed  belts.  When  the  driving  side  of  the  belt 
becomes  tight,  it  stretches  and  grows  longer;  and  at  the  same 
time  the  other  side  of  the  belt  becomes  slack  and  grows  shorter. 
But  it  is  not  true  that  the  increase  in  the  one  side  is  the  same  as 
the  decrease  in  the  other,  and  this  fact  produces  the  condition  that 
the  sum  of  the  tensions  in  motion  is  not  quite  the  same  as  the  sum 
of  the  tensions  at  rest. 

Again,  when  the  belt,  as  it  passes  around  the  pulley,  changes 
its  straight-line  direction  to  circular  motion,  each  particle  of  the 
belt — like  a  body  whirling  at  the  end  of  a  cord  about  a  center  of 
rotation — tends  by  centrifugal  force  to  fly  away  from  the  surface 
of  the  pulley,  thereby  decreasing  the  normal  pressure,  and  hence 
the  friction.  This  centrifugal  force  also  changes  somewhat  the 
tensions  in  the  belt  between  the  pulleys.  As  the  centrifugal  force 
increases  in  proportion  to  the  square  of  the  linear  velocity,  it  is 
evident  that  the  effect  is  greater  at  high  speeds  than  at  moderate 
or  low  speeds. 

A  further  circumstance  that  affects  the  driving  power  of  a 
belt  is  the  stiffness  of  the  leather  or  other  material  of  which  the 
belt  is  made.  As  it  passes  around  the  pulley,  the  belt  is  bent  to 
conform  to  the  circumference  of  the  pulley,  and  is  again  straight- 
ened out  as  it  leaves  the  pulley.  Hence  the  theoretically  perfect 
action  is  modified  somewhat  according  to  the  sharpness  of  the 
bending  and  the  thickness  or  flexibility  of  the  belt;  in  other  words, 
a  small  pulley  carrying  a  thick  -belt  would  be  the  worst  case  for 
Buccessful  calculation  on  a  theoretical  basis. 

THEORY*     The  condition  of  the  tight  and  loose  sides  of  a 
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belt  transmitting  power,  is  similar  to  that  of  the  weighted  strap 
and  fixed  pulley  shown  in  Fig.  17.  If  motion  is  desired  of  the 
strap  around  the  pulley,  it  is  necessary  to  make  the  weight  W,  of 
such  a  magnitude  that  it  will  overcome  not  only  the  weight  W„ 
but  also  the  friction  between  the  strap  and  the  pulley.  The  strap 
tension  T^  is,  of  course,  equal  to  Wj,  and  T^  to  W,.  The  equation 
showing  the  balance  of  forces  for  the  condition  when  motion  is 
about  to  occur,  is: 

T^  -  To  =  F  =  P  (driving  force).  (5) 

If  the  pulley  be  free  to  turn  on  its  axis,  instead  of  being  fixed 

as  in  Fig.  17,  the  strap  by  its 
friction  on  the  pulley  will  turn 
the  pulley,  and  the  force  of 
friction  F  becomes  the  driving 
force  for  the  pulley  as  noted 
in  equation  5  above. 

In  Fig.  18,  let  us  sup- 
pose that  W  is  a  weight  repre- 
senting the  resistance  to  be 
overcome.  The  tensions  T^ 
and  T^,,  equal  at  first  owing  to 
stretching  the  belt  tightly 
over  the  pulleys  at  rest,  change 
when  an  attempt  is  made  to 
raise  the  weight  by  turning 
the  larger  pulley;  and  just  as 
the  weight  leaves  the  floor,  the 
equality  of  moments  about 
the  axis  of  the  driven  pulley 
gives  the  following  equation: 


Fig.  17. 


(T^  -TJ  r  =  F  X  r  =  P  X  r  =  W  X  r,.  (6) 

This  equality  of  moments  remains  as  long  as  the  motion  of 
the  weight  is  uniform,  and  represents  closely  the  conditions  under 
which  belt  pulleys  work. 

Although  we  know  from  the  above  what  the  difference  of  the 
belt  tepsioQB  is,  and  what  this  difference  will  do  when  applied  to 
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tlie  surface  of  a  gi^en  pulley,  we  do  not  yet  know  what  either 

T„  or  To  actually  ie;  and  until  we  do  know,  we  cannot  correctly 

proportion  the  belt.     Hence  we  must  find  another  relation  between 

T„  and  T,,  which  we  can  combine  with  equations  5  and  6.     This 

relation  is  deduced  by  a  process  of  higher  mathematics,  which  re- 

anlta  as  follows: 

T 
Common  logarithm  ^=  2.729  fi  {I  -  3)w.      (7) 

Treating  equations  5  and  7  as  simultaneous,  values  of  both 
T„  and  T^  can  be  found  by  the  regular  algebraic  solution.  Am  T„ 
is  the  larger,  the  actual  area  of  belt  to  provide  the  necessary  strength 
mnst  be  made  to  depend  upon  it. 

The  factor  s  in  equation  7  depends  upon  the  centrifugal  force 


developed  by  the  weight  of  the  belt  passingaround  the  pulley.     Its 
value,  found  from  mechanics,  is: 


9,660  X)^ 
Having  found  the  maximum  pull  on  the  belt,  it  now  remains 
to  write  the  equation : 

External  force  =  Internal  resistance; 

or,  T„  =  *  X  A  X  (.  (8) 

Usually  the  most  convenient  way  to  handle  this  equation  is 
h  and  i,  and,then  solve  for  b. 
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Summing  up  the  theoretical  treatment  of  belt  design,  we 
simply  combine  equations  5,  G,  7,  and  8,  and  solve  for  the  qnantity 
^desired.  Discussion  of  the  constants  involved  in  these  equations, 
and  of  the  practical  factors  controlling  them,  is  given  in  the  fol- 
lowing : 

PRACTICAL  MODIFICATION.  The  force  of  friction  F,  which 
is  the  same  as  driving  force  P,  depends  on: 

Coefficient  of  friction  (/x)  between  belt  and  pulley; 

Tightness  of  the  belt; 

Centrifugal  force  of  the  belt; 

Angle  of  contact  of  belt  w^ith  pulley. 

The  coefficient  of  friction  (/a),  according  to  experiments  and 
observed  operation  of  belts  transmitting  power,  varies  from  .15  to 
.56  for  leather  on  cast  iron.  An  average  value  consistent  with  a 
reasonable  amount  of  slip,  the  belt  being  in  good  running  order, 
is  .30.  If  the  belt  is  oily,  or  likely  to  become  so  in  use,  a  lower 
value  should  be  taken. 

The  tighter  the  belt  is  drawn  up,  the  greater  is  the  pressure 
against  the  pulley,  and  hence  the  greater  is  the  force  of  friction. 
But  if  we  j)ull  the  belt  up  too  tightly,  when  we  begin  to  drive, 
Tjj  becomes  too  great,  and  the  belt  breaks  or  is  under  such  stress 
that  it  wears  out  quickly.  Moreover,  the  great  side  pressure  on 
the  bearings  carrying  the  shaft  produces  excessive  friction,  and  the 
drive  is  inefficient.  This  is  why  a  narrow  belt  driven  at  high 
speed  is  more  efficient  than  a  wide  belt  at  slow  speed,  for  we  can- 
not  pull  up  the  former  as  tightly  as  the  latter  without  overstraining 
it,  and  yet  it  is  possible  to  get  the  required  power  out  of  the  nar- 
row belt  by  running  it  at  high  8j)eed. 

The  centrifugal  force  is  of  small  importance  for  low  speeds, 
say  of  3,000  feet  per  minute  and  less;  and  it  therefore  may  usu- 
ally be  neglected.  The  factor  z  then  becomes  zero  in  the  expres- 
sion 1  -  3  in  equation  7,  and  the  second  member  of  the  equation 
stands  simply  2.729  X  /x  X  n. 

The  angle  of  contact  of  belt  with  pulley  is  important,  as  a 
large  value  gives  a  great  difference  between  T^  and  T^;  and  it  is 
desirable  to  make  this  difference  as  great  as  possible,  because  there- 
by the  driving  force  is  increased.  The  loose  side  of  a  horizontal 
belt  should  always  be  above,  as  then  the  natural  sag  of  the  loose 
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fiide  due  to  its  slackness  tends  to  increase  the  angle  of  contact  with 
the  pulley,  \^hile  the  tightening  up  of  the  lower  side  acts  against 
its  sag  to  make  the  loss  of  wrap  as  little  as  possible.  Vertical  belts 
which  have  the  driving  pulley  uppermost,  utilize  the  weight  of  the 
belt  to  increase  the  pressure  against  the  surface  of  the  pulley,  slightly 
increasing  its  capacity  for  driving.  The  angle  of  contact  may 
be  artificially  increased  by  a  tightening  pulley  which  presses  the 
belt  further  around  the  pulley  than  it  would  naturally  lie.  It 
adds  however,  the  friction  of  its  own  bearing,  and  impairs  the  eflB- 
ciency  of  the  drive.  For  ordinary  horizontal  belts,  the  angle  of 
contact  is  but  little  more  than  180"^,  and  the  value  of  n  in  equation 
7  may  be  safely  assumed  at  J  unless  the  pulleys  are  of  relatively 
great  difference  of  diameter  and  very  close  together. 

Strength  of  Leather  Belting.  The  breaking  tensile  strength 
of  leather  belting  varies  from  3,000  to  5,000  pounds  per  square 
inch.  Joints  are  made  by  lacing,  by  metal  fasteners,  or  by  cement- 
ing. The  strength  of  a  laced  joint  may  be  about  y*^,  of  a  metal- 
fastened  joint,  about  ^,  and  of  a  cemented  joint,  about  equal  to 
the  full  strength  of  the  belt  cross-sectional  area.  The  proper 
working  strength  of  belting  depends  on  the  use  to  which  the  belt 
is  put.  A  continuously  running  belt  should  have  a  low  tension 
in  order  to  have  long  life  and  a  minimum  loss  of  time  for  repairs. 
For  double  leather  belting  it  has  been  shown  that  a  working  ten- 
sion of  240  pounds  per  square  inch  of  sectional  area  gives  an  an- 
nual cost  —  for  repairs,  maintenance,  and  renewals  —  of  14  per 
cent  of  first  cost.  At  400  pounds  working  tension,  the  annual  ex- 
pense becomes  37  per  cent  of  first  cost.  These  results  apply  to 
belts  running  continuously;  larger  values  may  be  used  where  the 
full  load  comes  on  but  a  short  time,  as  in  the  case  of  dynamos. 

Good  average  values  for  working  tensions  of  leather  belts  are: 

Cemented  joints,  400  pounds  per  square  inch. 
Laced  joints,        300     "  "       "         " 

Metal  joints,         250     "  **       "         ** 

Horse-Power  Transmitted  by  Belting.  If  P  is  the  driving 
force  in  pounds  at  the  Tim  of  the  pulley,  and  V  is  the  velocity  of 
the  belt  in  feet  per  minute,  the  theoretical  horse-power  transmitted 
li  eiidantly : 
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^•^•  =  33;ooo-  <^) 

It  is  evident  from  the  above  that  the  horse-power  of  a  belt  de- 
pends upon  two  things,  the  driving  force  P  and  the  velocity  V.  If 
either  of  these  factors  is  increased,  the  horse-power  is  increased. 
Increasing  P  means  a  tight  belt.  Hence  a  tight  belt  and  high 
speed  together  give  maximum  horse-power.  But  a  tight  belt 
means  more  side  strain  on  shaft  and  journal.  Therefore,  from  the 
standpoint  of  efficiency,  vse  a  narrow  belt  under  low  tension  (U  as 
high  a  speed  as  possible. 

Empirical  rules  for  horse-power  of  belting,  if  used  with  judg- 
ment, give  safe  results  when  applied  to  very  general  cases.  A 
common  rule  used  by  American  engineers  is: 

For  a  double  belt,  assuming  double  strength,  this  becomes: 

^•P=w'-  (") 

With  large  pulleys  and  moderate  velocities,  this  may  hold 
good.  With  small  pulleys  and  high  velocities,  however,  the  un- 
certain stresses  induced  by  the  bending  of  the  fibers  of  the  belt 
around  the  pulley,  and  the  relatively  great  loss  due  to  centrifugal 
force,  modify  this  relation*  and  a  safer  value  for  a  double  belt  of 
the  ordinary  kind  is: 

^^•^•  =  -540-'  (*^) 

J  X  V 
or,  still  safer,  H.  P.  =    „^^   -  (13) 

If  we  compare  the  theoretical  value  of  equation  9  with  the 
empirical  value  of  equation  10  by  putting  them  equal  to  each 
other,  thus: 

H    P   _PX V      SXV 
•       38,000  ~  1,000  • 

and  solve  for  P,  we  get  : 
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.        P  =  SSb.  (i4) 

This  develops  the  fact  that  the  empirical  rule  of  equation  10  as- 
sumes  a  driving  force  of  83  pounds  per  inch  of  width  of  single 
belt. 

Another  way  of  expressing  equation  10  is:  A  single  belt 
will  transmit  one  horse-power  for  every  inch  of  width  at  a  belt 
speed  of  1,000  feet  per  minute. 

Speed  of  Beltinf^.  The  most  economical  speed  is  somewhere 
between  4,000  and  5,000  feet  per  minute.  Above  these  values 
the  life  of  the  belt  is  shortened ;  also  "  flapping,"  "  chasing,"  and 
centrifugal  force  cause  considerable  loss  of  power.  The  limit  of 
speed  with  cast-iron  pulleys  is  fixed  at  the  safe  limit  for  bursting 
of  the  rim,  which  may  be  taken  at  one  mile  per  minute. 

Material  of  Beltiiiji^.  Oak-tanned  leather,  made  from  the 
part  of  the  hide  which  covers  the  back  of  the  ox,  gives  the  best  re- 
sults for  leather  belting.  The  thickness  of  the  leather  varies 
from  .18  to  .25  inch.  It  weighs  from  .03  to  .04  pound  per  cubic 
inch.  The  average  thickness  of  double  leather  belts  may  be  taken 
as  .33  inch,  although  a  variation  in  thickness  from  ^  inch  to  -^ 
inch  is  not  uncommon.  Double  leather  belts  may  be  ordered 
light,  medium,  or  heavy. 

In  a  single-thickness  belt  the  grain  or  hair  side  should  be 
next  to  the  pulley,  for  the  flesh  side  is  the  stronger  and  is  there- 
fore better  able  to  resist  the  tensile  stress  due  to  bending  set  up 
where  the  belt  makes  and  leaves  contact  with  the  pulley  face. 
Double  leather  belts  are  made  by  cementing  the  flesh  sides  of 
two  thicknesses  of  belt  together,  leaving  the  grain  side  exposed 
to  surface  wear. 

Kaw  hide  and  semi-raw  hide  belts  have  a  slightly  higher  co- 
efficient of  friction  than  ordinary  tanned  belts.  They  are  useful  in 
damp  places.  The  strength  of  these  belts  is  about  one  and  one- 
half  times  that  of  tanned  leather. 

Cotton,  cotton-leather,  rubber,  and  leather  link  belting  are 
some  of  the  forms  on  the  market,  each  of  which  is  especially 
adapted  to  certain  uses.  For  their  weights  and  their  tensile  and 
working  strengths  consult  the  manufacturers'  catalogues. 

A  prominent  manufacturer's  practice  in  regard  to  the  sizes  of 
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leather  belting  will  be  found  nseful  for  comparison,  and  is  indicated 
in  the  table  on  page  12. 

Initial  Tension  In  Beit.  On  the  assumption  that  the  sum  of 
the  tensions  is  unchanged,  whether  the  belt  be  at  rest  or  driving, 
we  should  have  the  followinor  relation  : 


T„  +  T„  =  2T; 


whence, 


T  = 


Tn-|-T„ 

2 


(15) 


>x 


This  is  not  strictly  true,  however,  as  is  stated  in  the  "  Analysis 
of  "  Belts."  It  has  been  found  that  in  a  horizontal  belt  working  at 
about  400  lbs.  tension  per  square  inch  on  the  tight  side,  and  hav- 
ing 2  per  cent  slip  on  cast-iron  pulleys  (i.  ^.,  the  surface  of  the 


Sizes  of  Leather  Belting. 


THICKXE8S. 

WIDTH. 

Single. 

Double. 

1  inch. 

A 

inch. 

Yi)  inch. 

2    " 

A 

r%    " 

3    " 

tV 

i    " 

4    " 

A 

i     " 

5    " 

irV 

8        (( 

6    " 

irV 

1    " 

10    " 

5 
TIT 

3  t( 
"FT 

12    " 

¥:: 

TIT 

14    " 

20    " 

driven  pulley  moving  2  per  cent  slower  than  that  of  the  driver  ), 
the  increase  of  the  sum  of  the  tensions  when  in  motion  over  the 
sum  of  the  tensions  at  rest,  may  be  taken  at  about  i^  the  value  of 
the  tensions  at  rest.     Expressing  this  in  the  form  of  an  equation 

Tn  +  T„  =  i- (2T)  =  ?4^. 


T  = 


(T.  +  T„). 


(i6) 
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The  value  of  T  thus  found  would  be  the  pounds  initial  tension  to 
which  the  belt  should  be  pulled  up  when  being  laced,  in  order  to 
produce  T^  and  T^,  when  driving. 

This  value  is  not  of  very  great  practical  importance,  as  the 
proper  tightness  of  belt  is  usually  secured  by  trial,  by  tightening 
pulleys,  by  pulley  adjustment  (as  in  motor  drives),  or  by  shorten- 
ing the  belt  from  time  to  time  as  needed.  It  is  worth  noting, 
however,  that  for  the  most  economical  life  of  the  belt  it  would  be 
very  desirable  in  every  case  to  weigh  the  tension  by  a  spring  bal- 
ance when  giving  the  belt  its  initial  tension.  This,  however,  is 
not  always  easy  or  even  feasible;  hence  it  is  a  refinement  with 
which  good  practice  usually  dispenses,  except  in  the  case  of  large 
and  heavy  belts. 

PROBLEMS  ON  BELTS. 

1.  Determine  the  belt  tensions  in  a  laced  belt  transmitting  50 
horse-power  at  a  velocity  of  3,500  feet  per  minute.  Suppose  that 
the  arc  of  contact  is  180^;  weight  of  belt  =  .035  pound  per  cub. 
in.;  and  coefficient  of  friction  25  per  cent. 

2.  What  is  the  width  of  above  belt  if  it  is  ^^^  inch  in  thick- 
ness ? 

3.  What  initial  tension  must  be  placed  on  above  belt  ? 

4.  The  main  drive  pulley  of  a  120-horse-power  water  wheel 
is  6  feet  in  diameter.  A  cemented  leather  belt  is  to  connect  the 
main  pulley  to  a  3-foot  pulley  on  the  line  shafting  in  a  mill.  The 
horizontal  distance  between  centers  of  shafting  is  24  feet;  coeffi- 
cient of  friction,  30  per  cent;  revolutions  per  minute  of  line  shaft- 
ing, 180.     Design  the  belt  for  this  drive. 

5.  An  8-inch  double  belt  |  inch  thick  connects  2  pulleys  of 
30-inch  and  20-inch  diameter  respectively.  The  horizontal  dis- 
tance between  the  centers  is  12.5  feet.  The  coefficient  of  friction 
is  0.3,  and  the  weight  of  belt  per  cubic  inch  is  0.035  pound. 
Working  tension,  300  pounds  per  square  inch.  Speed  of  belt 
5,000  feet  per  minute.  Lower  face  of  30-inch  pulley  is  the  driv- 
ing face.  Required  the  H.  P.  which  may  be  transmitted  (theo- 
retically). 

6.  Compare  the  theoretical  horse-power  in  problem  5  with 
that  obtained  by  the  use  of  empirical  formula. 
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PULLEYS. 

NOTATION^The  following  notation  is  osed  thronghoat  the  ohApter  on  Pnlloys: 

A  =:Area  of  rim  (sq.  in.).  (    =  Length  of  hnb  (inehee). 

a  -    '•     "ann(»»     "  ).  N  =  Number  of  arms. 

b  =  Center  of  pulley  to  center  of  belt  n  =       *'        **  rim  bolta,  eaeh  side. 

(inches;  practically  equal  to  R).  P  =DriTing  force  of  belt  Obt.). 

Ci=Totalcentrifugalforceof  rim  (lbs.)*  Pi = Force  at  circomferenca  of    shaft 
c   =  Distance  from  neutral  axis  to  outer  (lbs.). 

fiber  (inches) .  Ps=/Force  at  eircumf  erence  of  hnb  (lbs.). 

D  =  Diameter  of  pulley  (inches) .  p  =  Stress  in  rim  due  to  oentrifngal  foioe 
Di=       '•          "hub      (     "     ).  (lbs.  per  sq.  in.). 

di  =       *'  **  bolt  at  root  of  thread  R  =Radius  of  pulley  (inches). 

(inches).  8  =  Fiber  stress  (lbs.  per  sq.  in.), 

d  =  Diameter  of  bolt  holes  (inches) .  •  =  Fiber  stress  in  flange  (lbs.  per  sq.  In.). 

g  =  Acceleration    due   to    gravity   (ft.  T  =  Thickness  of  web  (inches). 

per  sec.).  i    =        "         **  rim  (     *»     ). 

h  =  Width  of  arm  at  any  section  (inches).  /s  -       '*         **    *' bolt  flange  (inches). 

I   =  Moment  of  inertia.  T  n=Tension  of  belt  on  tight  side  (lbs.). 

L  =Length  of  arm,  center  of  belt  to  hub  To=       "        "     "     "loose    "     (  "  ). 

(inches).  v  =  Velocity  of  rim  (ft.  per  sec). 

Li=Length  of  rim  flange  of  split  pulley  w  =Weightof  material(lbs.peroab.in.). 

(inches). 

ANALYSIS.  If  a  flexible  band  be  wrapped  completely  about 
a  pulley,  and  a  heavy  stress  be  put  upon  each  end  of  the  band,  the 
rim  of  the  pulley  will  tend  to  (K)llapse  just  like  a  boiler  tube  with 
steam  pressure  on  the  outside  of  it.  A  compressive  stress  is  in- 
duced which  is  very  nearly  evenly  distributed  over  the  cross-sec- 
tion of  the  rim,  except  at  points  where  the  arms  are  connected 
thereto.  At  these  points  the  arms,  acting  like  rigid  posts,  take 
this  compressive  stress.  Now,  a  pulley  never  has  a  belt  wrapped 
completely  round  it,  the  fraction  of  the  circumference  embraced  by 
the  belt  being  usually  about  ^,  and  seldom,  even  with  a  tightener 
pulley,  reaching  |.  Assuming  the  wrap  to  be  J  the  circumference, 
and  that  all  the  ^ide  pull  of  the  belt  comes  on  the  rim,  none  being 
transmitted  through  the  arms  to  the  hub,  we  then  have  one-half  of 
the  rim  pressed  hard  against  the  other  half  by  a  force  equal  to  the 
resultant  of  the  belt  tensions,  which,  in  this  case,  would  be  the 
sum  of  them.  Dividing  the  pulley  by  a  plane  through  its  center 
and  perpendicular  to  the  belt,  the  cross-section  of  the  rim  cut  by 
this  plane  has  to  take  this  compressive  stress- 

This  analysis  is  satisfactory  from  an  ideal  standpoint  only,  for 
the  intensity  of  stress  due  to  the  direct  pull  of  the  belt,  with  the 
usual  practical  proportions  of  rim,  would  be  very  small.  More- 
over, the  element  of  speed  has  not  been  considered. 

When  the  pulley  is  under  speed,  a  set  of  conditions  which 
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complicates  matters  is  introduced.  The  centrifugal  force  due  to 
the  weight  of  the  rim  and  arms  is  no  longer  negligible,  but  has 
an  important  in^uence  upon  the  design  and  material  used.  This 
centrifugal  force  acts  against  the  effect  of  the  belt  wrap,  tending 
to  reduce  the  compressive  stress,  or,  overcoming  the  latter  entirely, 
sets  up  a  tensional  stress  both  in  the  rim  and  in  the  arms.  It  also 
tends  to  distort  the  rim  from  a  true  circle  by  bowing  out  the  rim 
between  the  arms,  thus  producing  a  bending  moment  in  the  rim, 
maximum  at  the  points  where  the  rim  joins  each  arm. 

It  can  readily  be  imagined  that  the  analysis  in  detail  of  these 
various  stresses  in  the  rim  acting  in  conjunction  with  each  other 
is  quite  complicated  —  far  too  much  so  in  fact,  to  be  introduced 
here.  As  in  most  cases  of  such  design,  however,  one  controll- 
ing influence  can  be  separated  out  from  the  others,  and  the  de- 
sign based  thereon  with  sufficient  margin  of  strength  to  satisfy 
the  more  obscure  condition^.  This  is  rational  treatment,  and  the 
"  theory  "  will  hk  studied  accordingly. 

The  rim,  being  fastened  to  the  ends  of  the  arms,  tends,  when 
driving,  to  be  sheared  off,  the  resisting  area  being  the  areas  of  the 
cross-sections  of  the  arms  at  their  point  of  joining  the  rim.  The 
force  that  produces  this  shearing  tendency  is  the  driving  force  of 
the  belt,  or  the  difference  between  the  tensions  of  the  tight  and 
loose  sides. 

Again,  at  the  point  of  connection  of  the  arms  to  the  hub,  e 
shearing  action  takes  place,  so  that,  if  this  shearing  tendency  were 
carried  to  rupture,  the  hub  would  literally  be  torn  out  of  the  arms. 
Now,  viewing  the  arms  as  beams  loaded  at  the  end  with  the  driv- 
ing  fo.-ce  of  the  belt,  and  fixed  at  the  hub,  a  heavy  bending  stress 
is  set  up,  which  is  maximum  at  the  point  of  connection  to  the 
hub.  If  the  rim  were  stiff  enough  to  distribute  this  driving  force 
equally  between  the  arms,  each  arm  would  take  its  proportional 
share  of  the  load.  The  rim,  however,  is  quite  thin  and  flexible; 
and  it  is  not  safe  to  assume  this  perfect  distribution.  It  is  usual 
to  consider  that  one-half  the  whole  number  of  arms  take  the  full 
driving  force. 

THEORY — Pulley  Rim.  Evidently  it  is  practically  impossible 
to  make  so  thin  a  rim  that  it  will  collapse  under  the  pull  of  a  belt. 
As  far  as  the  theory  of  the  rim  is  concerned,  its  proportion  prob- 
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ably  depends  more  upon  the  calculation  for  ceutrifugal  force  than 
upon  anything  else. 

In  order  to  separate  this  action  from  that  of  any  other  forces, 
let  us  suppose  that  the  rim  is  entirely  free  from  the  arms  and  hub, 
and  is  rotating  about  its  center.  Every  particle,  by  centrifugal 
force,  tends  to  fly  radially  outward  from  the  center.  This  condi- 
tion is  represented  in  Fig.  19.  The  tendency  with  which  one-half 
of  the  rim  tends  to  fly  apart  from  the  other  is  indicated  by  the 
force  Cj ;  and  the  relation  between  Cj  and  the  small  radial  force  c 
for  each  unit-length  of  rim  can  readily  be  found  from  the  prin- 
ciples of  mechanics.  The  case  is  exactly  like  that  of  a  boiler  or  a 
thin  pipe  subjected  to  uniform  internal  pressure,  which,  if  carried 
to  rupture,  would  split  the  rim  along  a  longitudinal  seam. 


Fig.  19.  Fig.  20. 

The  tensile  stress  thus  induced  per  square  inch  can  be  found 


by  simple  mechanics  to  be: 


12wv' 

P  = *' 

9 


(I7) 


or,  since  //?  =  0.20  pound,  and  g  =  32.2  feet  per  second, 


V 


p=.{)miv'     (  say^)  ; 


(i8) 


and,  if  ji>  be  taken  equal  to  1,000  pounds  per  square  inch,  which  is 
as  high  as  it  is  safe  to  work  cast  iron  in  this  place, 

V  =  100  feet  per  second.  (*9) 

This  shows  the  curious  fact  that  the  intensity  of  stress  in  the  rim 
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is  directly  proportional  to  the  square  of  the  linear  velocity,  and 
wholly  indepeudent  of  the  area  of  cross-section.  It  is  also  to  be 
noted  that  100  feet  per  second  is  about  the  limit  of  speed  for  cast- 
iron  pnlleys  to  be  safe  agaiost  bursting. 

If  we  wish  to  consider  theoretically  the  rim  together  with  the 
arms  as  actually  connected  to  it,  we  get  a  much  more  complicated 
relation.  This  condition  is  shown  in  Fig.  20,  where  the  rim,  ex- 
panding more  than  the  arms,  bulges  out  between  them.  This 
makes  the  rim  act  something  lilte  a  continuous  beam  uniformly 
loaded;  but  even  then  the  resulting  stress  is  not  clearly  defined  on 
accoQDt  of  the  variable  stretch  in  the  arms.  Investigation  on  this 
basis  is  not  needed  further  than  to  note  that  it  is  theoretically 
better,  in  the  case  of  a  split  pulley,  to  make  the  joint  close  to  the 
arms,  rather  .than  in  the  middle  of   a  span. 

Pulley  ArmS'  The  centr  ifugal  force  developed  by  the  rim 
and  arms  tends  to  pull  the  arms  from  the  hub.  On  the  belt  side, 
this  is  balanced  to  some  extent  by  the  belt  wrap,  which  tends  to 
comprees  the  arm  and  relieve  the  tension.  On  the  side  away 
from  the  belt,  the  centrifugal  action  has 
full  play,  but  the  arm  is  usually  of  such 
cross-section  that  the  intensity  of  this  stress 
is  very  low.     It  may  safely  be  neglected. 

The  rim  being  very  thin  in  most  cases, 
its  distrihuting  effect  cannot  be  depended 
on,  hence  the  driving  force  of  the  belt  may 
be  taken  entirely  by  the  arms  immediately 
under  the  portion  of  the  belt  in  contact  with 
the  pulley  face.     For  a  wrap  of  180°  this  •'«."■ 

means  that  only  one-half  of  the  pulley  arms  can  be  considered  as 
effective  in  transmitting  the  turning  effort  to  the  hub.  Each  of 
these  arms  is  a  lever  fixed  at  one  end  to  the  hub  and  loaded  at  the 
other.  A  lever  of  this  description  is  called  a  "  cantilever  "  beam, 
its  maximum  moment  existing  at  its  fixed  end.     The  load  that  each 

p 
of  these  beams  may  be  subjected  to  is-^,  and  therefore  the  maxi- 


]  external  moment  at  the  hub  is  - 


From   mechanics  we 


90  MACHINE  DESIGN 

ft 

know  that  the  internal  moment  of  resistance  of  any  beam  section 

SI 
is  — ,  and   that  equilibrium  of  the  beam  can   be  satisfied  only 

when  the  external  moment  is  equal  to  the  internal  moment  of  re- 
sistance of  the  beam  section.     Equating  these  two,  we  have: 

2PL        SI  ,      ^ 

The  arms  of  a  pulley  are  usually  of  the  elliptical  or  segmental 
cross-section,  and   may  be  of  the  proportions  shown   in  Fig.  21. 

For  either  of  these  sections  the  fraction  —  is  approximately  equal 

to  0.0393//'.  For  conveni^^nce  (the  error  caused  being  on  the  safe 
side^,  L  may  be  taken  as  equal  to  the  full  radius  of  the  pulley  R, 
whence 

4-  =  -     •  ^.^    "      =  0.0393SA',  (31) 

in  which  S  may  be  from  2,000  to  2,250  for  cast  iron 

Taking  moments  about  the  center  of  the  pulley,  and  solving 
for  Pj,  the  force  acting  at  the  circumference  of  the  hub,  we  hare : 

2PE      P,D, 
N    ~~2"  ' 


or 


4PR 


(aa) 


The  area  of  an  elliptical  section  is  ^  times  the  product  of  the 
half  axes.     With  the  proportions  of  Fig.  21,  this  becomes: 

a  =  TT  X  0.2A  X  0.5A  =  irA^  (23) 

Equating  the  external  force  to  the  internal  shearing  resistance,  we 
have  : 

'  IP  (»4) 
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in  which  the  shearing  stress  Sg  may  run  from  1,500  to  1,800  for 
cast  iron. 

Although  both  bending  and  shearing  stresses  as  calculated 
Above  exist  at  the  base  of  the  arms,  the  bending  is,  in  practically 
every  case,  the  controlling  factor  in  the  design  of  the  arms.  An 
arm-section  large  enough  to  resist  bending  would  have  a  very  low 
intensity  of  shear. 

If  the  number  of  arms  be  increased  indefinitely,  we  come  to 
a  continuous  arm  or  web,  in  which  the  bending  action  is  elimi- 
nated. It  may  still  shear  off  at  the  hub,  where  the  area  of  metal 
is  the  least,  at  minimum  circumference.  In  this  case  the  area 
under  shearing  stress  is  ^D,T;  and  the  force  at' the  circumference 
of  the  hub,  as  before,  is  : 


n  = 


4PR 
ND. 


Fig.  22. 


Equating  external  force  to  in- 
ternal shearing  resistance,  we 
have : 

4PR         ^^ 

Pulley  Hub.  As  in  the 
case  of  the  arms,  centrifugal 
force  does  not  play  much  part  in  the  design  of  the  hub  of  a  pulley. 
The  hub  is  designed  principally  to  carry  the  key,  and  through  it 
transmit  the  turning  moment  to  the  shaft.  Considered  thus,  the 
hub  may  tear  along  the  line  of  the  key  or  crush  in  front  of  the  key. 

For  example,  in  Fig.  22,  if  the  connection  with  the  lower 
arms  be  neglected,  and  the  upper  arms  be  held  fast  while  a  turning 
force  P„  at  the  surface  of  the  shaft,  is  transmitted  to  the  hub 
through  the  key,  then  the  m^\  of  the  hub  directly  in  front  of  the 
key  is  under  crushing  stress;  and  the  metal  along  the  line  ebj  from 
the  comer  to  the  outside,  is  under  tensile  stress.  This  condition  is 
tiie  wont  that  could  possibly  happen,  because  the  bracing  effect  of 
Ae  Imrar  ttiiiB  has  been  neglected,  and  the  key  is  located  between 
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IVkittg  luomeDts  about  the  center  of  the  shaft,  the  value  of  the 
t\\^\v  ;i(  the  shaft  circumference,  or  the  "key  pull,"  is: 

P         X- 
Now-p^  = —  ,  k  being  the  distance  from   the  center  of  shaft  to 

center  of  eb,  and  the  area  of  metal  which  is  subjected  to  the  tearing 
action  P,  is  ?  X  eh.  Equating  the  external  force  to  the  internal 
resistance,  and  assuming  that  the  stress  is  equally  distributed  over 
the  area  I  X  eby  we  have: 

r  r       PH 

P.  =  -^P,  =  -^  X  ^^  =  S  X  Z  X  eft; 

The  intensity  of  crushing  on  the  metal  in  front  of  the  key,  due 
to  force  P„  depends  upon  the  thickness  of  the  key,  and  is  properly 
discussed  later  under  "Keys." 

PRACTICAL  MODIFICATION— Pulley  Rim.  The  theoretical 
calculation  for  the  thickness  of  the  rim  may  give  a  thickness  that 
could  not  be  cast  in  the  foundry,  and  the  section  in  that  case  will 
have  to  be  increased.  As  light  a  section  as  can  be  readily  cast  will 
usually  be  found  abundantly  strong  for  the  forces  it  has  to  resist. 
A  minimum  thickness  at  the  edge  of  the  rim  is  about  -f^  inch; 
and  as  the  pulleys  increase  in  size,  the  rim  also  must  be  made 
thicker;  otherwise  the  rim  will  cool  so  much  more  quickly  than 
the  arms,  that  the  latter,  on  cooling,  will  develop  shrinkage  cracks 
at  the  point  of  junction. 

For  a  velocity  of  6,000  feet  per  minute,  we  find  from  equation 
18  that  the  tension  in  pounds  per  square  inch,  in  the  rim,  due  to 
centrifugal  force,  is  970.  Though  this  in  itself  is  a  low  value,  yet 
the  uncertain  nature  of  cast  iron,  its  condition  of  internal  stress, 
due  to  casting,  and  the  likely  existence  of  hidden  flaws  and  pockets, 
have  established  the  usage  of  this  figure  as  the  highest  safe  limit 
for  the  peripheral  speed  of  cast-iron  pulleys.  It  is  easily  remem- 
bered that  caM'iron  j)if^^€y}i  are  nttfefora  It  near  velorltijofabinit 
one  m He  jyer  m inute. 
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To  prevent  the  belt  from  running  off  the  pulley,  a  "crown" 
or  rounding  surface  is  given  the  rim.  A  tapered  face,  which  is 
more  easily  produced  in  the  ordinary  shop,  may  be  used  instead. 
This  taper  should  be  as  little  as  possible,  consistent  with  the  belt 
staying  on  the  pulley;  ^  inch  per  foot  each  way  from  the  center 
is  not  too  much  for  faces  4  inches  wide  and  less;  while  above  this 
width  J  inch  per  foot  is  enough.  As  little  as  ^  inch  total  crown 
has  been  found  to  be  suflScient  on  a  24-inch  face,  but  this  is 
probably  too  little  for  general  service. 

Instead  of  being  "crowned,"  the  pulley  may  be  flanged  at  the 
edges;  but  flanged  pulley  rims  chafe  and  wear  the  edge  of  the  belt. 

The  inside  of  the  rim  of  a  cast-iron  pulley  should  have  a  taper 
of  ^  inch  per  foot  to  permit  easy  withdrawal  from   the  foundry 


y^^/////////////////i^/^6^m^ 


.A. 


A 


T 


^j/Mjj^jj^^A 


WJ?/^^/^/J///////A 


Fig.  23. 

mould.  This  is  known  as  "draft."  If  the  pattern  be  of  metal,  or 
if  the  pulley  be  machine-moulded,  the  greater  truth  of  the  casting 
does  not  require  that  the  inside  of  the  rim  be  turned,  as  the  pulley, 
at  low  speeds,  will  be  in  sufficiently  good  balance  to  run  smoothly. 
For  roughly  moulded  pulleys,  and  for  use  at  high  speeds,  however, 
it  is  necessary  that  the  rim  be  turned  on  the  inside  to  give  the 
pulley  a  running  balance. 

Fig.  23  shows  a  plain  rim  a  also  one  stiffened  by  a  rib  J. 
Where  heavy  arms  are  used  this  rib  is  essential  so  that  there  will 
not  be  too  sudden  change  of  section  at  the  junction  of  rim  and  arm, 
and  consequent  cracks  or  spongy  metal. 

Pulley  Arms.  The  arms  should  be  well  tilletted  at  both  rim 
and  hub,  to  render  the  flow  of  metal  free  and  uniform  in  the  mould. 
The  general  proportions  of  arms  and  connections  to  both  hub  and 
rim  may  perhaps  be  best  developed  by  trial  to  scale  on  the  draw- 
ing board.     The  base  of  the  arm  being  determined,  it  may  gradu- 
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ally  taper  to  the  rim,  where  it  takes  about  the  relation  of  §  to  | 
the  dimensions  chosen  at  the  hub.  The  taper  may  be  modified 
until  it  looks  right,  and  then  the  sizes  cheeked  for  strength. 

Six  arms  are  used  in  the  great  majority  of  pulleys.  This 
number  not  only  looks  well,  but  is  adapted  to  the  standard  three- 
jawed  chucks  and  common  clamping  devices  found  in  most  shops. 
Elliptical  arms  look  better  than  the  segmental  style.  The  flat, 
rectangular  arm  gives  a  very  clumsy  and  heavy  appearance,  and  is 
seldom  found  except  on  the  very  cheapest  work. 

A  double  set  of  arms  may  be  used  on  an  excessively  wide 
face,  but  it  complicates  the  casting  to  some  extent. 

Although  a  web  pulley  may  be  calculated  for  shear  at  the 
hub,  yet  it  will  usually  be  found  that  with  a  thickness  of  web  in- 
termediate between  the  thickness  of  the  rim  and  that  of  the  hub, 
which  will  satisfy  the  casting  requirements,  the  requirements  as  to 
strength  will  be  fully  met. 

Pulley  Hub.  The  hub  should  have  a  taper  of  ^  inch  per  foot 
draft,  similar  to  that  of  the  inside  of  the  rim.  The  length  of  the 
hub  is  arbitrary,  but  should  be  ample  to  prevent  rocking  on  the 
shaft.  A  common  rule  is  to  make  it  about  |  the  face  width  of 
the  pulley. 

The  diameter  of  the  hub,  aside  from  the  theoretical  consider- 
ation given  above,  must  be  sufficient  to  take  the  wedging  action  of  a 
taper  key  without  splitting.  This  relation  cannot  well  be  calcu- 
lated. Probably  the  best  rule  that  exists  is  the  familiar  one  that 
the  hub  should  be  twice  the  diameter  of  the  shaft.  This  rule, 
however,  cannot  be  literally  adhered  to,  as  it  gives  too  small  hubs 
for  small  shafts  and  too  large  ones  for  large  shafts.  It  is  always 
well  to  locate  the  key,  if  possible,  underneath  an  arm  instead  of 
between  the  arms,  thus  gaining  the  additional  strength  due  to  the 
backing  of  the  arm. 

SPLIT  PULLEYS. 

ANALYSIS  and  THEORY.  The  split  pulley  is  made  in 
halves  and  provided  with  bolts  through  flanges  and  bosses  on  the 
hub  for  holding  the  two  halves  together.  When  the  pulley  is  in 
place  on  the  shaft,  bolted  up  as  one  piece,  it  is  subjected  to  the 
same  forces  as  the  simr^  '   ^     Hence  its  general  design  fol- 
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lows  the  same  principles,  and  we  need  only  study  the  fastening  of 
the  two  halves,  and  the  effect  of  this  fastening  on  the  detail  of  rim 
and  hub. 

The  Bimplest  stress  we  have  to  consider  on  the  rim  bolts  is 
one  of  pure  tension,  due  to  the  centrifugal  force  of  the  halves 
of  the  pnlley,     A  safe  assumption  to  make  is  that  the  rim  is  fr«e 


Fig.  24. 

from  the  arms  and  hub,  as  in  the  simple  pulley,  and  that  the  cen- 
trifugal force  developed  by  it  has  to  be  taken  by  the  rim  bolts 
alone.  In  other  words,  consider  the  rim  bolts  as  belonging  en- 
tirely to  the  rim,  and  make  them  as  strong  as  the  rim,  leaving  the 
hnb  bolts  to  take  the  centrifugal  force  of  the  arms  and  hnb,  and 
the  spreading  tendency  dne  to  the  key. 

Another  tensile  stress  is  induced  in  the  rim  bolts  by  the  fact, 
that,  having  made  an  open  joint  in  the  rim,  and  in  addition  placed 
the  extra  weight  of  lugs  there,  the  centrifugal  action  at  this  point 
is  increased,  and  at  the  same  time  a  point  of  weakness  in  the  rim 
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introdaced.  Referring  to  Fig.  24,  the  rim  flangeB  EJ  tend  to  fly 
out  due  to  the  centrifugal  force  Cp.  This  tenda  to  open  the  joint 
J  at  the  outside  of  the  rim  ;  to  throw  a  bending  stress  on  the  rim, 
maximum  at  the  point  F  ;  and  to  "  heel "  the  rim  flanges  about 
the  point  E.  The  rim  holts  acting  on  the  leverage  e  about  the 
point  E  muBt  resist  these  tendencies,  and  are  thereby  put  in 
tension. 

Referring  to  equation  18,  we  find  the  intensity  of  stress  due  to 
the  centrifugal  force  of  the  rim  in  lbs.  per  square  inch  to  be  : 

If  A  is  the  sectional  area  of  the  rim  in  square  inches,  this  means 
that  the  total  strength  of 
the  rim  is  represented    by 

-pj^.    The    strength   of  a 

bolt  is  represented  by  the 

expression  — -^ —     Ir,  now, 

there   are  n   bolts   in   the 

flange,  the  total    resisting 

,  ,     ,    ,     .    wStt*?,' 
force  of  the  bolts  is  - — —, — ; 
4 

and  the  equation  represent, 
ing  equality  of  strength  be- 
tween rim  and  bolts  is  : 
Av*  _  /iSir^i' 
10  V 

from  which,  by  a  proper 
assumption  of  the  flber 
stress  S,  which  should  be 


To- 4-'  (**) 


Fig.  ^ 


low,  the  opening-up  tendency  of  the  joint  being  neglected,  the  diam- 
eter at  the  root  of  the  thread  tJ^  may  be  calculated,  and  the  nom- 
inal bolt  diameter  chosen.  Reference  to  the  table  for  strength 
of  bolts,  given  in  the  chapter  on  Bolts,  Studs,  etc.,  will  be  found 
coDTeoient. 
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It  is  very  doabtf  ul  if  the  tension  on  the  flange  bolts,  due  to 
the  "  heeling  "  about  E  can  be  calculated  with  sufficient  accuracy  to 
be  of  much  value.  It  is  probably  better  to  assume  S  at  a  low  value, 
say  4,000,  and,  in  addition,  for  large  and  high-speed  pulleys,  stif- 
fen the  rim  by  running  a  rib  between  the  flange  and  the  adjacent 
arm.  It  is  evident  that  if  we  make  the  rim  so  stiff  that  it  cannot 
deflect,  there  will  be  no  "  heeling "  about  E  ;  and  the  bolts  will 
be  well  proportioned  by  the  preceding  calculation,  giving  them 
equal  strength  to  that  of  the  rim  section. 

For  the  bolt  flange  itself,  any  tendency  to  open  at  the  joint  J 
would  cause  it  to  act  like  a  beam  loaded  at  some  point  near  its 
middle  with  the  bolt  load,  and  supported  at  J  and  E.  This 
condition  is  shown  in  Fig.  25.  Probably  the  weakest  section 
would  be  along  the  line  of  the  bolt  centers.     We  have  just  noted 

that  the  carrying  capacity  of  the  bolts  is .  '  .  Hence,  assum- 
ing that  ^  =  i/j  which  is  about  the  worst  case  which  could  hap- 
pen, we  have  a  beam  of  lengthy*  loaded  at  the  middle  with  — ^—i 

and  supported  at  the  ends.  Equating  the  external  moment  to 
the  internal  moment,  we  have  : 

—4—  ^  X  = 6 '  ^^^^ 

from  which  the  fiber  stress  s  in  the  flange  may  be  calculated  and 
judged  for  its  allowable  value. 

Lj  may  be  assumed  a  little  narrower  than  the  pulley  face;  and 
t^  from  1  inch  to  2  inches  or  more,  depending  on  the  thickness  of 
tho  rim. 

The  hub  bolts  doubtless  assist  the  rim  bolts  in  preventing 
the  halves  of  the  pulley  from  flying  apart.  They  also  clamp  the 
hub  tightly  to  the  shaft,  preventing  any  looseness  on  the  key. 
Their  function  is  a  rather  general  one;  and  the  specific  stress 
which  they  receive  is  practically  impossible  to  calculate.  As  a 
matter  of  fact,  if  the  hub  bolts  were  left  out  entirely,  the  pulley 
would  still  drive  fairly  well,  but  general  rigidity  and  steadiness 
would  be  impaired.  Hence  the  size  of  the  hub  bolts  is  more  a 
praetical  question  than  one  involving  calculation.     The  rim  bolts 
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should  be  figured  first,  and  their  size  determined  on ;  then  the  hub 
bolts  can  be  judged  in  proportion  to  the  rim  bolts,  the  diameter  of 
shaft,  the  thickness  and  length  of  the  hub,  and  the  general  form 
of  the  pulley.  Often  appearance  is  the  deciding  factor,  it  being 
manifestly  inconsistent  to  associate  small  fastenings  with  large 
shafts  or  hubs,  even  though  the  load  be  actually  small. 

PRACTICAL  MODIFICATION.  Practical  considerations  are 
chiefly  responsible  for  the  location  of  the  joint  in  a  split  pulley 
between  the  arms  instead  of  directly  at  the  end  of  an  arm,  where 
theoretically  it  would  seem  to  be  required.  It  is  usually  more 
convenient  in  the  foundry  and  machine  shop  to  have  the  joint  be- 
tween the  arms;  so  we  generally  find  it  placed  there,  and  strength 
provided  to  permit  this.  It  is  possible,  however,  to  provide  a 
double  arm,  or  a  single  split  arm,  in  which  case  the  joint  of  the 
pulley  comes  at  the  arm,  and  the  '^  heeling "  action  of  the  rim 
flanges  is  prevented. 

The  rim  bolts  should  be  crowded  as  close  as  possible  to  the 
rim  in  order  to  reduce  the  stress  on  them,  and  also  the  stress  in 
the  flange  itself.  The  practical  point  must  not  be  forgotten,  how- 
ever that  the  bolts  must  have  sufficient  clearance  to  be  put  into 
place  beneath  the  rim. 

While  it  is  evident  that  the  rim  bolts  are  most  effective  in 
taking  care  of  the  centrifugal  action  of  the  halves,  yet  in  small 
split  pulleys  it  is  quite  common  to  omit  the  rim  bolts  and  to 
use  the  hub  bolts  for  the  double  purpose  of  clamping  the  shaft 
and  holding  the  two  halves  together.  The  pulley  is  cast  with  its 
rim  continuous  throughout  the  full  circle,  and  it  is  machined  in 
this  form.  It  is  then  cracked  in  two  by  a  well-directed  blow  of  a 
cold  chisel,  the  casting  being  especially  arranged  for  this  along  the 
division  line  by  cores  so  set  that  but  a  narrow  fin  of  metal  holds 
the  two  parts  together.  This  provides  sufficient  strength  for  cast- 
ing and  turning,  but  permits  the  cold  chisel  to  break  the  connec- 
tion easily. 

SPECIAL  FORHS  OF  PULLEYS. 

The  plain  cast-iron  pulley  has  been  used  in  the  foregoing 
discussion  as  a  basis  of  design.  A  pulley  is,  however,  such  a 
common  commercial  article,  and  finds  such   universal  use,  that 
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special  forms,  which  can  be  bought  in  the  open  market,  are  not 
only  cheaper  but  bettor  than  the  plain  cast-iron  pulley,  at  least  for 
regular  line-shaft  work. 

Cast  iron  is  a  treacherous  and  uncertain  material  for  rims  of 
pulleys.  It  is  not  well  suited  to  high  fiber  stresses;  hence  the  range 
of  speed  permissible  for  pulley  rims  of  cast  iron  is  limited.  Steel 
and  wrought  iron,  having  several  times  the  tensional  strength  of 
cast  iron,  and  being,  moreover,  much  more  nearly  homogeneous 
in  texture,  are  well  suited  for  this  work;  one  of  the  best  pulleys  on 
the  market  consists  of  a  steel  rim  riveted  to  a  cast-iron  spider. 
Such  an  arrangement  combines  strength  and  lightness,  without 
increasing  complication  or  expense. 

The  all-steel  pulley  is  a  step  further  in  this  direction.  Here 
the  rim,  arms,  and  hub  are  each  pressed  into  shape  by  specially 
devised  machinery,  then  riveted  and  bolted  together.  This  pulley 
is  strictly  a  manufactured  article,  which  could  not  compete  with  the 
simpler  forms  unless  built  in  large  quantities,  enabling  automatic 
machinery  to  be  used.  Large  numbers  of  pulleys  are  built  in  this 
way,  and  are  put  on  the  market  at  reasonable  prices. 

Wood-rim  pulleys  have  been  made  for  many  years,  and, 
except  for  their  clumsy  appearance,  are  excellent  in  many  respects. 
The  rim  is  built  up  of  segments  in  much  the  same  way  as  an  ordi- 
nary pattern  is  made,  the  segments  being  so  arranged  that  they 
will  not  shrink  or  twist  out  of  shape  from  moisture.  The  hubs 
may  be  of  cast  iron,  bolted  to  wooden  webs,  and  carrying  hard- 
wood split  bushings,  which  may  be  varied  in  bore  within  certain 
limits  BO  as  to  fit  different  sizes  of  shafting.  The  wooden  pulley 
is  readily  and  most  often  used  in  the  split  form,  thus  enabling  it 
to  be  put  in  position  easily  at  any  point  of  a  crowded  shaft.  It  is 
often  merely  clamped  in  place,  thus  avoiding  the  use  of  keys  or 
set  screws,  and  not  burring  or  roughening  the  shaft  in  any  way. 

PROBLEMS  ON  PULLEYS. 

1.  Calculate  the  tensile  stress  due  to  centrifugal  force  in 
the  rim  of  a  cast-iron  pulley  30  inches  in  diameter,  at  500  revolu- 
tions per  minute. 

2.  The  driving  force  of  a  belt  on  a  36-inch  pulley  is  800 
lbs.,  and  the  belt  wrap  about  180^.     Calculate  proportions  of  el- 
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liptical  arms  to  resist  bending,  the  allowable  fiber  stress  being 
2,000. 

3.  A  pulley  12  inches  in  diameter,  |-ineh  web,  4- inch  diam- 
eter hub,  transmits  25  horse-power  at  a  belt  speed  of  3,000  ft. 
per  minute.     Calculate  the  maximum  shearing  stress  in  the  web. 

4.  In  Fig.  24  assume  the  following  data:  L,  =  7  inches; 
tj=l  inch;  6^  =  1^  inches; /*=  3  inches;  area  of  rim  =  3  sq. 
in.;  allowable  tensile  stress  in  rim  1,000  lbs.  per  sq.  in.  Calculate 
the  diameter  of  the  rim  bolts. 

5.  Calculate  the  fiber  stress  in  the  rim  bolt  flange  along  the 
line  of  the  bolts. 

SHAFTS. 

NOTATION— The  fbUowing  notation  is  osed  thronghout  tho  chapter  on  Shafts : 


An= Angular  deflection  (degrees). 

B  =  Simple  bending  moment  ( inch-lbs.  )• 

B«= Equivalent  bending  moment  (inch- 
lbs.). 

c  =  Distance  from  neutral  axis  to  outer 
fiber  (kichos). 

d%  dot  d2i  ds,  d4= Diameters  of  shaft 
(inches). 

di=: Internal  diameter  of  shaft  (inches). 

E=  Direct  modulus  of  elasticity  (a 
ratio). 

e  =TransTerse  deflection  (inches). 

0=TransTerse  modulus  of  elasticity  (a 

ratio). 

H=Horse-power  (.33,000  ft.-Ibs.  per  min- 
ute). 

I  =  Moment  of  inertia. 

K=Distance  between  bearings  (inches). 


Li  =Ijength  along  shaft  (inches). 

Li],  Lj=Liength  of  bearings  (inches.) 

M  =  Distance  between  bearings  (feet.) 

N  =  Number  of  revolutions  per  minute. 

P  =  Driving  force  of  belt  (lbs.). 
Pi = Load  applied  as  stated  (lbs.). 

R  =  Radius  at  which  load  as  stated  acts 
(inches). 

S  =  Fiber  stress,  tension,  compression, 
or  shearing  (lbs.  per  sq.  in.). 

T  =  Simple  twisting  moment  (inch-lbs.). 

Te=£quivalent  twisting  moment  (inch- 
lbs.). 

Tn=Tonsion  in  tight  side  of  belt  (lbs.). 

T„=Tension  in  loose  side  of  bolt  (lbs.). 

W  =  Load  applied  as  stated  (lbs.). 


ANALYSIS.  The  simplest  case  of  shaft  loading  is  shown  in 
Fig.  26.  The  equal  forces  W,  similarly  applied  to  the  disc  at  the 
distance  R  from  its  center,  tend  to  twist  the  shaft  oflF,  tho  tendency 
being  equal  at  all  points  of  the  length  L  between  the  disc  and  the 
post,  to  which  the  shaft  is  rigidly  fastened.  The  fastening  to  the 
post,  of  course,  in  this  ideal  case,  takes  the  place  of  a  resisting 
member  of  a  machine.  A  state  of  pure  torsion  is  induced  in  the 
shaft;  and  any  element,  such  as  ca,  is  distorted  to  the  position  cb, 
aoh  being  the  angular  deflection  for  the  distance  L. 

The  (jase  of  Fig.  27  is  illustrative  of  what  occurs  when  a  belt 
pulley  is  substituted  for  the  simple  disc.  Here  the  twisting  action 
is  caused  by  the  driving  force  of  the  belt,  which  is  T^  -  T^  =  P, 
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acting  at  the  radius  R.  Torsion  and  ancriilar  deflection  exist  in 
the  shaft,  as  in  Fig,  20.  In  addition,  however,  another  etreaa  of 
a  different  kind  has  been  introduced;  for  not  only  does  the  'shaft 
tend  to  be  twisted  off,  but  the  forces  T,,  and  T^,  acting  together, 
tend  to  bend  the  shaft,  the  bending  moment  varying  with  every 
section  of  the  shaft,  being  nothing  at  the  point  o,  and  maximam 
at  the  point  c.  This  combined  action  is  the  most  common  of  any 
that  we  find  in  ordinary  machinery,  0C3nrriog  in  newly  every  case 
with  which  we  have  to  deal. 

In  Fig.  27,  if  the  forces  T^  and  T^,  be  made  equal,  there  will 
be  no  tendency  at  all  to  twist  off  the  shaft,  but  the  bending  will 
remain,  being  maximnm  at  the  points-.  This  condition  is  illustra- 
tive of  the  case  of  all  ordinary  pins  and  studs  iu  machines.  In 
this  sense,  a  pin  or  a  stud  is  aim- 
ply  a  shaft  which  is  fixed  to  the 
frame  of  the  machine,  there  be- 
ing no  tendency  to  turning  of  the 
pin  or  stud  itself.  The  same 
condition  would  he  realized  if 
the  disc  in  Fig.  27  were  loose 
upon  the  shaft.  In  that  case, 
the  bending  moment  would  be 
caused  by  T^  +  T„  acting  with 
the  leverage  L.  Of  course  there 
would  have  to  be  some  resistance 
for  Tq-Tq  to  work  against,  in 
order  that  torsion  should  not  be 
transmitted  through  the  shaft. 
This  condition  might  be  intro- 
duced by  having  a  similar  disc 
lock  with  the  first  one  by  means 
of  lugs  on  its  face,  thus  receiving  and  transmitting  the  torsion. 

If  the  distance  L  becomes  very  great,  both  the  angular  deflec- 
tion due  to  twisting,  and  the  sidewise  deflection  due  to  bending, 
become  excessive,  and  not  permissible  in  good  design.  This 
trouble  is  rein^ied  by  placing  a  bearing  at  some  point  closer  to 
the  disc,  which,  as  it  decreases  L,  of  course,  decreases  the  bending 
moment  and  therefore  the  transverse  deflection.     The  angular  de- 
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flection  can  be  decreased  only  by  brining  the  resistance  and  load 


The  above  implies,  of  eoune,  that  the  diameter  of  the  shaft  is  not 
changed,  it  being  obviouB  that  increase  of  diameter  means  increase  of  strength 
and  corresponding  decrease  of  both  angular  and  transverse  deflection. 

If  the  speed  of  the  shaft  be  very  high,  and  the  distance  be- 
tween bearings,  represented  by  L,  be  very  great,  the  shaft  will  take 
a  shape  like  a  bow  string  when  it  is  vibrated,  and  smooth  action 
■cannot  be  maiatained. 

It  is  necessary  to  carry  the  cases  of  Figs.  26   and  27  hat  a 


Fig.  27. 

single  step  farther  to  illustrate  the  actual  worlfing  conditions  of 
shafting  in  machines.  Suppose  the  rigid  post  to  have  the  shaft 
passing  clear  through  it,  and  to  act  as -a  bearing,  so  that  the  shaft 
can  freely  rotate  in  it,  the  resistance  being  exerted  somewhere  be- 
yond. The  twisting  momeut  will  be  uuchauged,  also  the  bending 
moment;  but  the  effect  of  the  bending  moment  will  be  on  each 
particle  of  the  shaft  in  succession,  now  putting  compression  on  a 
given  particle,  and  then  tension,  then  compression  again,  and  so 
on,  a  complete  cycle  being  performed  tor  each  revolution.     This 
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brings  out  a  very  important  difference  between  the  bending  stress 
in  pins  and  the  bending  stress  in  rotating  shafts.  In  the  one  case 
the  bending  stress  is  non -reversing;  in  the  other,  reversing;  and 
a  much  higher  fiber  stress  is  permissible  in  the  former  than  in  the 
latter. 

THEORY — Simple  Torsion.  In  the  case  of  simple  torsion 
the  stress  induced  in  the  shaft  is  a  shearing  one.  The  external 
moment  acts  about  the  axis  of  the  shaft,  or  is  a  polar  moment; 
hence  in  the  expression  for  the  moment  of  the  internal  forces,  the 
polar  moment  of  inertia  must  be  used.  Now,  from  mechanics  we 
have: 

C 
I  (P 

and  —  =  -^-y    (for  circular  section  of  diameter  rf); 

therefore,  T  =  -=-j-,  (30) 

from  which  the  diameter  for  any  given  twisting  moment  and  fiber 
stress  can  readily  be  found. 

For  a  hollow  shaft  this  expression  becomes: 

Simple  Bending.  The  stresses  induced  in  a  pin  or  shaft  under 
simple  bending  are  compression  and  tension.  The  external  moment 
in  this  case  is  transverse,  or  about  an  axis  across  the  shaft;  hence 
the  direct  moment  of  inertia  is  applicable  to  the  equation  of  forces. 

c 
and  —  =  ;jYrn  (for  circular  section  of  diameter  d); 

therefore,  B  =  j^.  (32) 

For  a  hollow  shaft  or  pin  this  expression  becomes: 

^-    lO.MT'  ^^^^ 

Combined  Stresses.     In  the  g!reater  number  of  cases  met  with 
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in  practice,  we  find  two  or  more  simple  stresses  acting  at  the  same 
time,  and,  although  the  shaft  may  be  strong  enough  for  any  one  of 
them  alone,  it  may  fail  under  their  combined  action.  The  most 
common  cases  are  discussed  below. 

Tension  or  Pressure  Combined  with  Bending.  In  Fig.  28, 
the  load  W  produces  a  tension  acting  over  the  whole  area  of  rf,  due 
to  its  direct  pull.  It  also  produces  a  bending  action  due  to  the 
leverage  K,  which  puts  the  fibers  at  B  in  tension  and  those  at  the 
opposite  side  in  compression.  It  is  evident,  therefore,  that  by 
taking  the  algebraic  sum  of  the  stresses  at  either  side  we  shall 
obtain  the  net  stress.     It  is  also  evident  that  the  greatest  and 


^ 


w 


Pig.  28. 


Pig.  29 


controlling  stress  will  occur  on  the  side  where  the  stresses  add,  or 
on  the  tension  side.     Hence,  from  mechanics. 


4W 


or, 


Also, 


S  =  — Tj-    (due  to  direct  tension).     (3^) 

SrP 


WR  = 


10.2' 


or, 


10  2  WR 

S  =  — '-^^ (due  to  bending).       (35) 


Hence  the  combined  tensional  stress  acting  at  the  point  B,  or,  in 
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fact,  at  any  point  on  the  extreme  outside  of  the  vertical  shaft  to- 
ward the  force  W,  ie: 


S  = 


4W      10.2  WR 


n-ip 


+  - 


(36) 


If  Waited  in  the  opposite  direction,  tti3  gr<>ate3t  stress  woald 
still  be  at  the  side  B,  but  wouM  be  a  compression  instead  of  a  teo- 
sioD,  of  the  B3;iie  magnitude  as  before. 

Tension  or  Compression  Combined  with  Torsion.  In  Fig.  29, 
V  might  be  the  end  load  on  a  vertical  shaft;  and  the  two  forces  W 
might  act  in  conjunction  with  it  as  in  the  case  of  Fig.  36,  at  the 
radius  R.  This  case  in  not  very  often  met  with.  It  is  astially 
possible  to  combine  the  moments,  find  an  equivalent  moment  of  a 
simple  kind,  and  use  the  corresponding  simple  fiber  stress.  In  the 
case  in  question  we  have  a  direct  stress  to  be  combined  with  a 
shearing  stress,  and  mechanics  gives  us  the  following  solution: 


J- 


\.y 


Fig  30 

Let  Sg  =  simple  ehearing  stress  (lbs  ptr  sq  m  ) 
Let  Sp  =;  simple  conipresBive  stress  (lbs   p  r  a^   in.). 
Let  8„--  resultant  shearing  stress  fibs  per  sq  in.). 
Let  S„— r(?Bultant  compressive  stress  (lbs.  per  sq.  in.). 
We  then  have  : 


Also, 


VB 

5.1(2WIi) 

<(' 

irJS, 

4     ' 

(37) 


'->--> 


or. 


for    t-l**'   '^"'"  ■' 


\ . 


«    _ . 


.max:  5 


?C 


■    ft,,     t-  ■ ' 

I  lie  i«'"ii^'=-  •  ■.:  -  • 

"  ,         Wl...:    .. 
V  I- 

If.  ::>•■'>•  ■  •-■  '■ 


w  VT       .>->.'.ii 


»• , 


TT 


ilir 


:»._. 


>ft 


»'* 


^.]^im:i  i>i:.Nt::  -^    :. 


W  - 


W 


.^ 


\ 


41' 


(42) 


NMSions  are  true  in  rt'Iaiiun  t«.i  v\vA\  othi-r,  o:i  \\w  a^sumn- 
dbe  allowable  filH.*r  iitrc.-s  S  i?  the  ^fanic  for  tension,  ooiii- 
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pression,  and  shearing.  For  the  material  of  which  shafts  are  usu- 
ally made,  this  is  near  enough  to  the  truth  to  give  safe  and  practi- 
cal results.  Using  the  expressions  for  internal  moments  of  resist- 
ance as  previously  noted  for  circular  sections,  we  then  have  : 

Be = no-  (43) 

Also,  T«  =  g-j.  (44) 

Either  equation  may  be  used  ;  the  diameter  d  will  result  the  same 
whichever  equation  is  taken.  For  the  sake  of  simplicity,  equation 
42  is  generally  preferred,  equation  44  being  taken  in  conjunction 
with  it. 


The  expression  V^B*  +  P  is  one  that  would  be  a  long  and 
tedious  task  to  calculate.  By  inspection  it  is  readily  seen  that 
this  quantity  can  be  graphically  represented  by  means  of  a  right- 
angled  triangle  having  B  and  T  as  the  sides.  We  may  then  lay 
down  on  a  piece  of  paper,  to  some  convenient  scale,  the  moments 
B  and  T  as  the  sides  of  a  right-angled  triangle,  when,  upon 
measuring  the  hypothenuse,  we  can  easily  read  oflf  to  the  same 

scale  VW  +  P.  Even  if  the  drawing  is  made  to  a  small  scale, 
the  accuracy  of  the  reading  will  be  sufficient  to  enable  the  value 
for  d  to  be  solved  very  closely.  This  graphical  method  is  illus- 
trated in  Part  I. 

Deflection.  For  a  shaft  subjected  to  pure  torsion,  as  in  Fig. 
26,  the  angular  deflection  due  to  the  load  may  be  carried  to  a  cer- 
tain point  before  the  limit  of  working  fiber  stress  is  exceeded. 
The  equation  worked  out  from  mechanics  for  this  condition,  is: 

Ao      584  TL  ..    . 

^  =  -G^'  (45) 

which  at  once  gives  the  number  of  degrees  of  angular  deflection 
for  a  shaft  whose  modulus  of  elasticity,  torsional  moment,  and 
length  are  known. 

The  shearing  modulus  of  elasticity  of  ordinary  shaft  steel  runs  from 
10,000,000  to  13,000,000,  giving  as  an  average  about  12,000,000. 

By  the  well-known  relation  of  "  Hooke's  law  "  (stresses  pro- 
portional to  strains  within  the  elastic  limit  of  the  material),  we  have: 
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A-         SL  , 


(46) 


A  twiMt  of  one  degree  in  a  length  of  twenty  diameters  is  a 
luusl  allowance.  Bobstitoting  A  =  1,  L  =^  20d,and  G  =  12,000, 
00*J,  we  have; 

S  =  5,240  (nearly).  (47) 

T))iM  in  a  safe  valne  for  sbeanng  fiber  stresB  in  steel.  In  fact,  in 
ealculationH  Utr  dtrengtb,  even  for  reversing  stresees,  the  osnal 
figure  itt  8,<K)I>  (llm.  f)er  mjuare  inch),  thus  indicating  that  the  re- 
lation of  line  degree  to  twenty  diameters  is  well  within  the  limit 
of  Htrengtb, 

For  a  hollow  shaft  the  above  formula  becomes  : 

5MTL 

Transverse  deflection  occurs  when  the  shaft  is  subjected  to  a 
bending  moment.  It  may  therefore  exist  alone  or  in  conjunction 
with  ungnlar  deflection.  Transverse  deflection  of  shafts,  however, 
rari'ly  existH  up  to  the  point  of  limiting  fiber  stress,  becaaee  before 
tlmt  jtoint  is  readied  the  alignment  of  the  shaft  is  so  disturbed 
that  it  in  not  jiracticable  as  a  device  for  transmitting  power.  A 
transverHe  deflection  of  .01  inch  per  foot  of  length  is  a  common 
allowance  ;  hut  it  is  imj)OBsible  to  fix  any  general  limit,  as  in  many 
cascH  this  figure,  if  exceeded,  would  do  no  harm,  while  in  others — 
such  as  heavily  loaded  or  high-speed  bearings — even  the  figure 
given  might  l>e  fatal  to  good  operation. 

The  formula  for  transverse  deflection,  deduced  from  mechan- 
ics, varies  with  the  system  of  loading.  The  three  most  common 
conditions  only  are  given  below,  reference  to  the  handbook  being 
necesaary  if  other  conditions  must  be  satisfied: 
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Supported  at  ends,  loaded  in  middle, 


e  = 


48  EI 

Supported  at  ends,  loaded  uniformly, 

_  5WL' 
^~384El' 


(50) 


(51) 


For  transverse  deflection  the  direct  modulus  of  elasticity  must 
be  used,  for  the  fibers  are  stretched  or  compressed,  instead  of  being 
subjected  to  a  shearing  action.  The  most  usual  value  of  the  di- 
rect modulus  of  elasticity  for  ordinary  steel  is  30,000,000,  and  is 
denoted  in  moat  books  by  the  symbol  E.  Both  the  shearing  and 
direct  moduli  of  elasticity  are  really  nothing  but  the  ratio  of  the 
stress  to  the  strain  produced  by  that  stress,  it  being  assumed  that 
the  given  material  is  perfectly  elastic.  A  material  is  supposed  to 
be  perfectly  elastic  up  to  a  certain  limit  of  stress,  and  it  is  within 
this  limit  that  the  relation  as  above  holds  good. 

Expressed  in  the  form  of  an  equation  this  would  be : 

^  S  SL  .      . 

E=    "-T-'  (52) 

L 

Centrifugal  Whirling.  If  a  line  shaft  deflect  but  slightly, 
due  to  its  own  weight,  or  the  weight  or  pressure  of  other  bodies 
upon  it,  and  then  be  run  at  a  high  speed,  the  centrifugal  force  set 
up  increases  the  deflection,  and  the  shaft  whirls  about  the  geomet- 
rical line  through  the  centers  of  the  bearings,  causing  vibration 
and  wear  in  the  adjoining  members.  It  is  evident  that  the  prac- 
tical remedy  for  this  tendency  in  a  shaft  of  given  diameter  and 
speed  is  to  locate  the  bearings  sufliciently  close  to  render  the  action 
of  small  effect. 

Many  formulae  might  be  given  for  this  relation,  each  being 
based  on  different  assumptions.  Perhaps  as  widely  applied  and 
as  simple  as  any,  is  the  "  Rankine ''  formula,  which  setp  the  limit 
of  length  between  bearings  for  shafts  not  greatly  loaded  by  inter- 
mediate pulleys  or  side  strains  : 


M 


=  175   ^4'  (53) 
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Horse-Power  of  Shafting*  Horse-power  is  a  certain  specific 
rate  of  doing  work,  viz.,  33,000  foot-pounds  per  miante.  Hence, 
to  find  the  horee-power  that  a  shaft  will  transmit,  we  most  firet 
find  the  work  done,  and  then  relate  it  to  the  epeed.  Take,  for  ex- 
ample, the  case  of  a  pulley,  the  symbols  being  the  same  as  before 
— namely,  P  =  driving  force  at  rim  of  pulley  (lbs.);  R  ^radius 
of  pulley  (inches);  N  =  number  of  revolutions  per  minute;  and 
H  =  horsepower.     Then, 

Work  =  force  X  distance  =  P  X  (2  jt  RN)  =  H  X  33,000  X  12; 


63,02511 


(54) 
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Fig.  31. 
This  is  one  of  the  most  useful  equations  for  calculations  involving 
horse-power.     By  it  the  number  of  incb-pounda  torsion  for  any 
horse. power  can  be  at  once  ascertained. 

It  should  be  clearly  noted,  however,  that  in  this  equation  the 
bending  moment  does  not  enter  at  all.  Hence  any  shaft  based  in 
size  on  horse-power  alone,  is  based  on  iorsioruzl  moment  alone, 
bending  moment  being  entirely  neglected.  In  many  cases  the 
bending  moment  is  the  controlliog  one  aa  to  limiting  fiber  stress. 
Ileiiw  eiuj.irieal  sliiifting  formulit  di-pi-miing  upon  the  horse- 
power relation  are  unsafe,  unless  it  is  definitely  known  just  what 
torsional  and  t)ending  momunU  hftv«iieen.«MUUa«d.      — 

The  only  safe  way   to  figure   tho  filw  ol   %.  thtK^  to  : 
accurately  what  torsiDua^uommi^ 
sustain,  and  tliiu^'i| 
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introdnciDg  the  element  of  apeed  as  basis  for  assumptioa  of  a  high 

or  low  working  fiber  BtresB. 

PRACTICAL  MODIFICATION.  The  practical  methods  of 
handling  tht^  tlieoretiual  ahaft  equations  have  reference  to  the  fitof 
the  shaft  within  the  several  pieces  upon  it.  The  running  tit  of  a 
shaft  in  a  bearing  is  usually  considered  to  be  so  loose  that  the  shaft 
could  freely  detiect  to  the  center  of  the  bearing.  This  is  doubtless 
an  extreme  view  of  the  case,  but  it  is  the  only  safe  assumption. 
Hence  a  shaft  running  in  bearings  (see  Fig.  31)  is  supposed  to  be 
supported  at  the  centers  of  those  bearings,  and  its  theoretical 
strength  is  based  on  this  supposition. 

For  a  tight  or  driving  fit  npon  the  shaft,  a  safe  assumption  to 
maice  is  that  there  is  looseness  enough  at  the  ends  of  the  fit  to  per- 
mit the  shaft  to  be  stressed  by  the  load  a  short  distance  within  the 
faces  of  the  hub,  say  from  ^  inch  to  1  inch.  For  example,  refer- 
ring to  Fig.  31,  suppose  P,  to  be  the  transverse  load,  exerted 
through  a  hub  fast  upon  the  part  of  the  shaft  (?,.  Taking  mo- 
ments about  the  center  of  one  bearing,  and  solving  tor  the  reaction 
at  the  center  of  the  other,  we  have  : 


Also, 


P,  «  = 


-^-  (55) 


(56) 


=  R,  K; 
P,if 
K 
=  K,  K; 

Now,  Bs  far  as  the  part  of  ahaft  d^  is  concerned,  it  may  depend  for 
its  size  on  the  bending  moment  II,  i,  or  on  R,  a.  The  reason  the 
lever  arm  ia  not  taken  to  the  point  directly  under  the  load  P^,  is 
'because  it  is  not  practically  possible  to  break  the  shaft  at  that 
it,  on  account  of  the  reinforcement  of  the  hub,  which  ia  tightly 
iStted  upon  it.  Trying  these  moments  to  se^  which  is  the  greater, 
B  shall  find  that  the  greater  moment  always  occurs  in  connection 
rith  the  longer  lever  arm.  Hence  11,  h  will  be  greater  than  R,  a. 
I  then  write  the  equation  of  ea^eiiial  inoment  =  internal  mo- 


K,i  = 


Srf,' 
10J2 
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or. 


<l.=  '4'^^-  (57) 


For  the  size  of  bearing  A  we  have  the  maximum  bending  mo- 
ment: 

,        •  /'10.2  R,Lt  ,  «. 

or,  d,=  -^ 2"y (.50; 

For  the  size  of  bearing  B  we  have  the  maximum  moment: 

L.      S  d* 
"»  2  ~  10.2  ' 


or, 


,.  =  'I^MT  (sp) 


The  above  calculations  are,  of  course,  on  the  assumption  that  no  torsion 
is  transmitted  cither  way  through  this  axle.  We  should  in  that  case  have 
combined  torsion  and  bending.  This  has  been  made  sufficiently  clear  in  pre- 
ceding paragraphs  and  in  Part  I,  to  require  no  further  illustration. 

The  dotted  line  in  Fig.  31  shows  the  theoretical  shape  the 
axle  should  take  under  the  assumed  conditions.  The  practical 
modification  of  this  shape  is  obvious.  At  the  shoulders  of  the 
shaft  the  corners  should  not  be  sharp,  but  carefully  filleted,  to 
avoid  the  possible  starting  of  a  crack  at  those  points. 

Often  the  diameter  of  certain  parts  of  a  shaft  may  be  larger 
than  strength  actually  calls  for.  For  example,  in  Fig.  31,  the 
part  ^73  need  only  be  as  large  as  the  dotted  line;  but  it  is  obvious 
that  unless  the  key  is  sunk  in  the  body  of  the  shaft,  the  hub  could 
not  be  8lipj)ed  into  place  over  the  part  d^.  If,  however,  the  diam- 
eter ^3  be  made  large  enough  so  that  the  bottom  of  the  key  will 
clear  d^y  the  rotary  cutter  which  forms  the  key  way  in  ^3  will  also 
clear  d^y  and  the  key  way  can  be  more  easily  produced. 

In  cases  where  fits  are  not  required  to  be  snug,  a  straight 
shaft  of  cold-rolled  steel  is  commonly  used.  Here  any  parts  fast- 
ened on  the  middle  of  the  shaft  have  to  be  driven  over  a  consider- 
able length  of  the  shaft  before  they  reach  their  final  position. 
Moreover,  there  is  no  definite  shoulder  to  stop  against,  and  meas- 
urement has  to  be  resorted  to  in  locating  them. 
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It  does  Dot  pay  to  turn  any  portion  of  a  cold-roUed  shaft,  un- 
less it  be  the  very  ends,  for  relieving  the  "  skin  tension  "  in  such 
material  is  sure  to  throw  the  shaft  out  of  line  and  necessitate 
subsequent  straightening. 

Turned-steel  shafts  for  machines  may  with  advantage  be 
slightly  varied  in  diameter  wherever  the  fit  changes;  and  although 
the  production  of  shoulders  costs  something,  yet  it  assists  greatly 
in  bringing  the  parts  to  their  exact  location,  and  enables  the  work- 
man to  concentrate  his  best  skill  on  the  fine  bearing  fits,  and  to 
save  time  by  rough-turning  the  parts  that  have  no  fits. 

Hollow  shaft/are  practicable  only  for  large  sizes.  The  advan- 
tages of  removing  the  inner  core  of  metal,  aside  from  some  specific 
requirement  of  the  machine,  are  that  it  eliminates  all  possibility  of 
cracks  starting  from  the  checks  that  may  exist  at  the  center,  per- 
mits inspection  of  the  material  of  a  shaft,  and,  in  case  of  hollow- 
forged  shafts,  gives  an  opening  for  the  forging  mandrel.  In  the 
last  case,  the  material  is  improved  by  a  rolling  process. 

The  material  most  common  for  use  in  machine  shafting  is  the 
ordinary  "  Machinery  Steel,"  made  by  the  Bessemer  process.  This 
steel  is  apt  to  be  '^  seamy,"  and  often  contains  checks  and  fiaws 
that  are  detected  only  upon  sudden  and  unexpected  breakage  of  a 
part  apparently  sound.  This  characteristic  is  a  result  of  the  proc- 
ess employed  in  the  manufacture  of  the  steel,  and  thus  far  has 
never  been  wholly  eliminated.  Bessemer  steel  is,  nevertheless,  a 
very  useful  material,  and  the  above  weakness  is  not  so  serious  but 
that  this  kind  of  steel  can  be  used  with  success  in  the  great  majority 
of  cases. 

When  a  more  homogeneous  shaft  is  desired,  open-hearth  steel 
is  available.  This  is  a  more  reliable  material  to  use  than  the  Bes- 
semer, and  costs  somewhat  more.  It  makes  a  stiff,  true,  tine-sur- 
faced shaft,  high-grade  in  every  respect.  It  is  usually  specified 
for  armature  shafts  of  dynamos  and  motors. 

Steels  of  special  strength,  toughness,  and  elasticity  are  made 
under  numerous  processes.  Nickel  steel  is  perhaps  the  most  con- 
spicuous example.  While  for  this  steel  a  high  price  has  to  be 
paid,  yet  its  great  strength,  in  connection  with  other  valuable  qual- 
ities, makes  it  a  material  extremely  valuable  for  service  where  light 
weight  is  essential,  or  where  contracted  space  demands  small  size. 
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The  range  of  strength  of  these  variouB  Btcels  is  bo  great  that  it  ia  well- 
nigh  useless  lo  go  into  a  discussion  of  it  here.  Reference  should  be  had  to 
the  extended  discussions  of  the  handbooks,  aad  to  special  trade  pamphlets. 
A  study  of  the  posaibilities  of  steel  in  its  various  forms  for  use  in  shafting, 
is  very  valuable  as  a  basis  for  design,  as  it  can  almost  be  said  that  a  machine 
consiats  chieflj'  of  a  "collection  of  shafts  with  a  structure  built  round  them." 
The  shafts  are  like  a  core,  and  evideutl;  the  size  of  the  core  determines  the 
shell  about  it. 

PROBLEns  ON  SHAFTS. 

1.  Bequired  the  twisting  moment  on  a  shaft  that  transmits 
30  horse-power  at  120  revolutions  per  minute. 

2.  Find  the  diameter  of  a  steel  shaft  designed  to  transmit  60 
horEe-power  at  150  revolutions  per  minute. 

3.  Assuming  same  data  as  in  Problem  1,  tind  the  diametars 
of  a  hollow  shaft  for  a  value  of  S  =  8,000. 

4.  A  belt  on  an  idler  pulley  embraces  an  angle  of  120 
degrees.  Assuming  tension  of  belt  1,000  pounds  on  each  side, 
and  pulley  located  midway  between  bearings,  which  are  30  inches 
from  center  to  center,  what  is  the  diameter  of  shaft  required  ? 

5.  Calculate  the  diameter  of  a  steel  shaft  designed  to  transmit 
a  twisting  moment  of  400,000  inch-pounds  and  also  to  take  a 
bending  moment  of  300,000  inch-pounds, 

6.  Find  the  angular  deflection  in  a  4-iDch  shaft  20  feet  long 
when  subjected  to  a  load  of  5,500  pounds  applied  to  an  arm  of 
30-inch  radius.  Assume  transverse  modulus  of  elas,ticity  equal  to 
12,000,000. 

7.  The  overhung  crank  of  a  steam  engine  has  a  force  of 
32,000  lbs.  at  the  center  of  the  crank  pin,  which  is  12  inches  from 
the  center  of  the  shaft  bearing,  measured  parallel  to  the  shaft. 
The  radius  of  crankarm  is  10  inches.  Assume  S  equal  to  10,000. 
Calculate  the  diameter  of  the  crank  shaft. 

8.  On  a  short,  vertical  steel  shaft  the  load  is  5,000  pounds. 
A  gear,  36  teeth,  1^  diametral  pitch,  at  top  of  aliaft,  transmits  a 
load  of  4,000  pounds  at  the  pitch  line.  Safe  shear  =  7,500.  What 
is  the  diameter  of  the  shaft  1 
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C  =  Width   of   arm    extended  to  pitch 

line  (inches), 
c  =  Distance  from  neutral  axis  to  outer 

fiber  (inches). 
D= Pitch  diameter  of  gear  (inches). 
F=Face  of  gear  (inches). 
t  =Clearance     of     tooth    at     bottom 

(inches). 
G=Thickness  of  arm  extended  to  pitch 

line  (Inches). 
H=Thickness  of  tooth  at  any  section 

(inches). 
h  =  Depth  of  rectangular  section  of  arm 

(inches). 
I  =Moment  of  inertia. 
K=Thickness  of  rim  (inches). 
L=  Distance  from  top  of  tooth  to  any 

section  (Inches). 


N= Number  of  teeth. 
n  =  Number  of  arms. 
P= Diametral  pitch  (teeth  per  inch  of 

diameter). 
P«=  Circular  pitch  (inches). 
Q,  Qi= Normal  pressure  between  teeth 

(lbs.). 
K.Ri= Resultant      pressure      between 

teeth  (lbs.), 
r,  ri=: Radius  of  pitch  circles  (inches). 
S  =  FMber  stress   of  material  (lbs.  per 

sq.  in.). 
«  =  Addendum    of    tooth  (inches) =De- 

dendum  of  tooth. 
t  =  Thickness  of   tooth   at  pitch   line 

(Inches). 
W=Load  at  pitch  line  (lbs.). 
y  =  Coefficient  for  "  Lewis  "  formula. 


ANALYSIS.  If  a  cylinder  be  placed  on  a  plane  surface,  with 
its  axis  parallel  to  the  plane,  an  attempt  to  rotate  the  cylinder 
about  its  axis  would  cause  it  to  roll  on  the  plane. 

Again,  if  two  cylinders  be  provided  with  axial  bearings,  and 
be  slightly  pressed  together,  motion  of  one  about  its  axis  will 
cause  a  similar  motion  of  the  other,  the  two  surfaces  rolling  one 
on  the  other  at  their  common  tangent  line.  If  moved  with  care, 
there  will  be  no  slipping  in  either  of  the  above  cases — which  is 
explained  by  the  fact  that  no  matter  how  smooth  the  surfaces  may 
appear  to  be,  there  is  still  sufficient  roughness  to  make  the  little 
irregularities  interlock  and  act  like  minute  teeth. 

The  magnitude  of  the  force  possible  to  be  transmitted  de- 
pends not  only  on  the  roughness  of  the  surfaces,  but  on  the 
amount  of  j)ressure  between  them.  Suppose  that  one  cylinder  is 
a  part  of  a  hoisting  drum,  on  which  is  wound  a  rope  with  a  weight 
attached.  We  can  readily  make  the  weight  so  great  that,  no  mat- 
ter how  hard  we  press  the  two  cylinders  together,  the  driving 
cylinder  will  not  turn  the  hoisting  cylinder,  but  will  slip  past  it. 
If  now,  instead  of  increasing  the  pressure,  which  is  detrimental 
both  to  cylinders  and  bearings  of  same,  we  increase  the  coarseness 
of  the  surfaces,  or,  in  other  words,  put  teeth  of  appreciable  size 
on  these  surfaces,  we  attain  the  desired  result  of  positively  driving 
without  excessive  side  pressure. 

These  artificial  projections,  or  teeth,  must  fit  into  one  another; 
hence  the  surfaces  of  the  original  cylinders,  having  been  broken 
up  into  alternate  projections  and  hollows,  have  entirely  disap- 


186 


110 


MACHINE  DESIGN 


peared  to  the  eye;  tbey  oevertheleSB  exist  as  ideal  or  im^nsiy 
surfaces,  which  roll  together  with  the  same  surface  velocitiea  as  if 
in  bodily  form,  provided  that  the  curves  of  the  teeth  are  correctly 
formed.  Several  mathematical  curves  are  available  for  use  as 
tooth  outliDes,  but  in  practice  the  Involute  and  cycloidaJ  curveg 
are  the  only  ones  used  for  this  purpose. 

The  ideal  surfaces  are  known  as  pitch  cylinders  or  pitch 
drcles.  In  Fig.  32  is  shown  an  end  view  of  Bitch  a  pair  of  cylin- 
ders in  contact  at  their  pitch  point  F.  In  gear  calculations  we 
assume  that  there  is  no  slip  between  the  pitch  circles,  acting  as 
driving  cylinders;  hence  the  speeds  of  the  two  pitch  circles  at  the 


pitch  point  are  equal.     If  M  and  M,  be  the  revolutions  per  minute 
of  the  cylinders  respectively,  r  and  i\  their  radii,  then 
27rrM  =  2ffr,Mi; 

That  is,  the  number  of  revolutions  varies  inversely  as  the  radii.    [] 
The  simple  calculation  us  iil«.ivn  is  llie  kry  to  all  (.■ak-ulations 

involving  gear  trains  in  reference  to  their  sfufd  ratio. 

Fig.  33  represente  tn^^d^^AM^iftUte  two  extreme  positions 

of  beginning  and  end^^^^^^^^^^BDmtil  pret>?iire  Q  or  Q^ 

between  the  tfl^^j|^^^^^^^^^^^^^^^|2UlM  pilch  point  O, 

ideal  roll.- 
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'1 

ing  of  the  pitch  circles,  and  the  velocity  ratio  proportional  to  -;-^ 

As  the  surfaces  of  the  teeth  slide  together,  frictional  resistance  is 

produced  at  their  point  of  contact.     This  force  is  widely  variable, 

depending  on  the  material  and  condition  of  the   tooth  surfaces, 

whether  smooth  and  well  lubricated,  or  rough  and  gritty.    As  this 

resistance  acts  in  conjunction  with  the  normal  force  between  the 

teeth,  wd  may  construct  a  parallelogram  of  forces  on  these  two  as 

a  base,  the  resultant   pressure  between   the  teeth   being  slightly 

changed  thereby,  as  shown  in  Fig  33. 

Assuming  a  coefficient  of  friction  fl,  the  force  of  friction  is  /Ll  Q  or  /Ll  Qi 
and  the  resultant  pressure  R  or  Ri. 

Tooth  B  of  the  follower  is  therefore  under  a  heavy  bending  moment 
measured  by  the  product  RL,  L 
being  the  perpendicular  distance 
from  the  center  of  the  tooth  at 
its  base  to  the  lino  of  the  force. 
This  tooth  also  has  a  relatively 
small  compressive  stress  due  to 
the  resolved  part  of  R  along  the 
radius,  and  a  relatively  small 
shearing  stress  duo  to  the  re- 
solved part  of  R  along  a  tangent 
to  the  pitch  circle. 

Tooth  D  of  the  driven  wheel 
or  FOLLOWER  has  a  relatively 
large  shearing  stress,  a  small 
bending  moment,  and  practi- 
cally no  direct  compressive 
stress. 

Tooth  A  of  the  driving  wheel 
or  DRIVER  has  a  relatively  large 
shearing  stress,  a  small  bending  moment,  and  small  compressive  stress. 

Tooth  C  of  the  driver  has  a  largo  bending  moment,  but  small  com- 
pressive and  shearing  stresses. 

The  conditions  as  noted  above  are  not  those  of  every  pair  of 

gears,  in  fact  they  vary  with  every  difference  of  pitch  circle,  or  of 

detail  and  position  of  tooth.     It  is  true,  however,  that  in  nearly 

all  cases  in  practice  the  bending  stress  is  the  controlling  one  from 

a  theoretical  standpoint.     Moreover,   the  designer  must  consider 

the  form  and  strength  of  the  tooth  when  it  is  under  the  condition 

of  maximum  moment.     This  evidently,  from  the  above,  occurs  at 

the  beginning  of  contact,  for  the  follower  teeth;  and  at  the  end  of 

contact,  for  the  driver  teeth.     In  the  particular  case  illustrated  in 
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Fig.  33,  if  the  material  in  both  gears  were  the  same,  tooth  C, 
being  the  weaker  at  the  root,  would  probably  break  before  B;  but 
if  C  were  of  steel,  and  B  of  cast  iron,  B  might  break  first. 

It  will  be  noticed  that  R  is  nearly  parallel  to  the  top  of  the 
tooth ;  and  it  may  easily  happen  that  the  friction  may  become  of 
such  a  value  that  it  will  turn  the  direction  of  R  until  it  lies  along 
the  top  of  the  tooth  exactly,  which  is  the  condition  for  maximum 
moment.  For  strength  calculations  it  is  usual  to  consider  this 
condition  as  existing  in  all  cases. 

At  the  beginning  of  contact  there  is  more  or  less  shock  when 
the  teeth  strike  together,  and  this  eSect  is  much  more  evident  at 
high  speeds.  There  is  also  at  the  beginning  of  contact  a  sort  of 
chattering  action  as  the  driving  tooth  rubs  along  the  driven  tooth. 

Uniform  distribution  of  pressure  along  the  face  of  tlie  tooth  is 
often  impaired  by  uneven  wear  of  the  bearings  supporting  the  gear 
shafts,  the  pressure  being  localized  on  one  corner  of  the  tooth.  The 
same  effect  is  caused  by  the  accidental  presence  of  foreign  material 
between  the  teeth.  Again,  in  cast  gearing,  the  spacing  may  be 
irregular,  or,  on  account  of  draft  on  the  pattern,  the  teeth  may  bear 
at  the  high  points  only.  While  it  is 
usual  to  consider  that  the  load  is  evenly 
distributed  along  the  face  of  the  tooth, 
yet  the  above  considerations  show  that 
an  ample  marffin  of  strength  must  al- 
ways he  allowed  on  account  of  these 
uncertainties. 

When  the  number  of  teeth  in  the 
mating  gears  is  high,  the  load  will  be 
distributed  between  several  teeth  ;  but, 
as  it  is  almost  certain  that  at  some  time  ^'K-  ■^• 

the  proper  distribution  of  load  will  not 

exist,  and  that  one  tooth  will  receive  the  full  load,  it  is  considered 
that  practically  the  only  safe  method  is  so  to  design  the  teeth  that 
a  single  tooth  may  be  relied  upon  to  withstand  the  full  load  without 
failure. 

THEORY.  Based  on  the  Analysis  as  given,  the  theory  of  gear 
teeth  assumes  that  one  tooth  takes  tbs  whole  load,  and  that  this  load 
is  ereoiy  distribn*™^  ^  ftnd  acts  parallel  with 
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its  base,  thus  reducing  the  condition  of  the  tooth  to  that  of  a 
cantilever  beam.  The  magnitude  of  this  load  at  the  top  of  the 
tooth  is  taken  for  convenience  the  same  as  the  force  transmitted  at 
the  pitch  circle.  This  condition  is  shown  in  Fig.  34.  Equating 
the  external  moment  to  the  internal  moment,  we  then  have,  from 
mechanics: 

WL  =  -  =  -g-.  (6l) 

The  thickness  H  is  usually  taken  either  at  the  pitch  line  or  at 
the  root  of  the  tooth  just  before  the  fillet  begins;  and  L,  of 
course,  is  dependent  on  the  tooth  dimensions.  The  formula  is 
most  readily  used  when  the  outline  of  the  tooth  is  either  assumed 
or  known,  a  trial  calculation  being  made  to  see  if  it  will  stand  the 
load,  and  a  series  of  subsequent  calculations  followed  out  in  the 
same  way  until  a  suitable  tooth  is  found.  This  method  is  pursued 
because  there  are  certain  even  pitches  which  it  is  desirable  to  use; 
and  it  is  safe  to  say  that  any  calculation  figured  the  reverse  way 
would  result  in  fractional  pitches.  The  latter  course  may  be  used, 
however,  and  the  nearest  even  pitch  chosen  as  the  proper  one. 

As  stated  under  "  Analysis,"  there  are  a  great  many  circum- 
stances attending  the  operation  of  gears  which  make  impossible 
the  purely  theoretical  application  of  the  beam  formulsB.  For  this 
reason  there  is  no  one  element  of  machinery  which  depends  so 
much  on  experience  and  judgment  for  correct  proportion  as  the 
tooth  of  a  gear.  Hence  it  is  true  that  a  rational  formula  based  on 
the  theoretical  one  is  really  of  the  greater  practical  value  in  tooth 
design. 

If  we  examine  formula  61,  we  find  that  in  a  form  solved  for 
W,  we  have: 

Of  these  quantities,  H  and  L  are  the  only  variables,  for  we  can 
make  the  others  what  we  choose.  H  and  L  depend  upon  the 
circular  pitch  P*  and  the  curvature  and  outline  of  the  tooth.  If 
BOW  we  could  settle  on  a  standard  system  of  teeth,  we  could  estab- 
lish a  coeflSciervt  to  be  used  to  take  the  place  of  the  variable  part 
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of  H  and  L,  .which  depends  on  the  outline  of  tooth,  and  we  should 
thus  have  an  empirical  formula  which  would  be  on  a  theoretical 
basis. 

This,  Mr.  Wilfred  Lewis  has  done;    and  it  is   safe  to  say 
that  this  formula  is  more  universally  used  and  with  more  satis- 


Fig.35. 

factory  practical  results  than  any  other  formula,  theoretical  or 
practical,  that  has  ever  been  devised.  His  coeflScient  is  known  as 
y,  and  was  determined  from  many  actual  drawings  of  different 
forms  of  teeth  showing  the  weakest  section.  This  coeflScient  is 
worked  out  for  the  three  most  common  systems  as  follows: 

0  Q19 

For  20"  involute,     y  =  0.154  -  -^^j~  (63) 


For  15"  involute 
and  cycloidal. 


y  =  0.124   - 


For  radial  flanks,  y  =  0.075  - 


N 

0.684 

N 

0.276 


(64) 
(65) 


The  tooth  upon  which  the  above  i6  based  is  the  American  standard  or 
Brown  &  Sharpe  tooth,  for  which  the  proportions  are  shown  in  Fig.  35. 

The  "  Lewis  "  formula*  is: 

W  =  SP  Fy.  (66) 

A  table  indicating  the  value  of  S  for  different  speeds  follows: 

Safe  Working  Stresses  for  Different  Speeds. 


Speed  of  teeth, 
ft.  per  min. 

100 

200 

300 

600 

900 

1200 

Cast  iron 

8000 

6000 

4800 

4000 

3003 

2400 

Steel 

20000 

16000 

12000 

10000 

7600 

6000 

18fK)i    2400 


20:X) 
5000 


1700 
4300 


•Nom 
be  found  *^ 


of  the  Lewis  formula  will 
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A  usual  relation  of  F  to  P  is: 


For  cast  teeth,  P  =  2Pi  to  SPK 
For  cut  teeth,  P  =  3Pi  to  4Pi. 


(66) 
(67) 


The  usual  method  of  handling  these  formulse  is  as  follows: 

The  pitch  circles  of  the  proposed  gears  are  known  or  can  be  assumed; 
hence  W  can  readily  be  figured,  also  the  speed  of  the  teeth,  whence  8  can 
be  read  from  the  table.  The  desired  relation  of  F  to  P'  can  be  arbitrarily 
chosen,  when  PJ  and  y  become  the  only  unknown  quantities  in  the  equation. 
A  shrewd  guess  can  be  made  for  the  number  of  teeth,  and  y  calculated  there- 
from. Then  solve  the  equation  for  P^  which  will  undoubtedly  be  fractional. 
Choose  the  nearest  even  pitch,  or,  if  it  is  desired  to  keep  an  even  diametral 
pitch,  the  fractional  pitch  that  will  bring  an  even  diametral  pitch.  Now, 
from  this  final  and  corrected  pitch,  and  the  diameter  of  the  pitch  circle, 
calculate  the  number  of  teeth  N  in  the  gear.  Check  the  assiuned  value  of  y 
by  this  positive  value  of  N. 

Another  good  way  of  using  this  formula  is  to  start  with  the 
pitch  and  face  desired,  and  the  diameter  of  the  pitch  circle.     In 


Pig.  37. 


this  case  W  is  the  only  unknown  quantity,  and  when  found  can  be 
compared  with  the  load  required  to  be  carried.  If  too  small, 
make  another  and  successive  calculations  until  the  result  approxi- 
mates the  required  load. 

SPUR  GEAR  Rin,  ARHS,  AND  HUB. 

ANALYSIS  and  THEORY.  The  rim  of  a  gear  has  to  transmit 
the  load  on  the  teeth  to  the  arms.  It  is  thus  in  tension  on  one  side 
of  the  teeth  in  action,  and  in  compression  on  the  other.  The  sec- 
tion of  the  rim,  however,  is  so  dependent  on  other  practical  con- 
siderations which  call  for  an  excess  of  strength  in  this  respect,  that 
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it  is  Dot  coDeidered  worth  while  to  attempt  a  calonlatioa  od  this 
basis. 

Grears  seldom  ran  fast  enough  to  make  necesBarj  a  calcnlatioD 
for  centrifugal  force  ;  and  in  general  it  can  be  said  that  the  design 
of  the  rim  is  entirely  dependent  on  practical  considerationB.  These 
will  appear  later  under  "  Practical  Modification. " 

The  arms  of  a  gear  are  stressed  the  same  as  pnlley  arms,  the 
same  theory  answering  for  both,  except  that  a  gear  rim  always  be- 
ing much  heavier  than  a  pnlley  rim,  the  distribution  of  load 
amongst  the  arms  is  better  in  the  case  of  a  gear  than  of  a  pulley, 
and  it  is  usually  safe  to  assume  that  each  arm  of  a  gear  takes  its  full 
proportion  of  load  ;  or,  for  an  oval  section,  eqnating  the  external 
moment  to  the  internal  moment  as  in  thecase  of  pulleys,  we  have  : 

WT> 
-^  =  0.0393  SA'.  (68) 

Heavy  spur  gears  have  the  arms  of  a  cross  or  T  section  (Fig. 


Pig.  38. 

37),  the  latter  being  especially  applicable  to  the  case  of  bevel  gears 
where  there  ia  considerable  Bide  thrust.  The  simplest  way  of 
treating  such  sections  is  to  consider  that  the  whole  bending  moment 
is  taken  by  the  rectangular  section  whose  greater  dimension  is  in 
the  direction  of  the  load.  The  rest  of  the  section,  being  close  to 
the  neutral  axis  of  the  Boctiou,  is  of  lilt.ln  value  in  resisting  tlio 
direct  load,  its  function  being  to  gi^e  sldewise  stiffness.  The 
equation  for  the  cross  or  T  stjJAj^LunQi  then  ii 
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Either  h  or  h  may  be  assumed,  and  the  other  determined.  As  a 
guide  to  the  section,  h  may  be  taken  at  about  the  thickness  of  the 
tooth. 

Gear  hubs  are  in  no  wise  different  from  the  hubs  of  pulleys  or 
other  rotating  pieces.  The  depth  necessary  for  providing  suffi- 
cient strength  over  the  key  to  avoid  splitting  is  the  guiding  ele- 
ment, and  can  usually  be  best  determined  by  careful  judgment. 

PRACTICAL  MODIFICATION.  The  practical  requirements, 
which  no  theory  will  satisfy,  are  many  and  varied.  Sudden  and 
severe  shock,  excessive  wear  due  to  an  atmosphere  of  grit  and  corros- 
ive elements,  abrupt  reversal  of  the  mechanism,  the  throwing-in  of 
clutches  and  pawls,  the  action  of  brakes — these  and  many  other 
influences  have  an  important  bearing  on  gear  design,  but  not  one 
that  can  be  calculated.  The  only  method  of  procedure  in  such 
cases  is  to  base  the  design  on  analysis  and  theory  as  previously 
given,  and  then  add  to  the  face  of  gear,  thickness  of  tooth,  or  pitch 
an  amount  which  judgment  and  experience  dictate  as  sufficient. 

Excessive  noise  and  vibration  are  difficult  to  prevent  at  high 
speeds.  At  1,000  feet  per  minute,  gears  are  apt  to  run  with  an 
unpleasant  amount  of  noise.  At  speeds  beyond  this,  it  is  often 
necessary  to  provide  mortise  teeth,  or  teeth  of  hard  wood  set  into 
a  cast-iron  rim  (see  Fig.  38).  Rawhide  pinions  are  useful  in  this 
regard.  Fine  pitches  with  a  long  face  of  tooth  run  much  more 
smoothly  at  high  speeds  than  a  coarse  pitch  and  narrow-faced  tooth 
of  equal  strength.  Greater  care  in  alignment  of  shafts,  however, 
is  necessary,  also  stiffer  supports. 

Should  it  be  impracticable  to  use  a  standard  tooth  of  sufficient 
strength,  there  are  several  ways  in  which  we  can  increase  the 
carrying  capacity  without  increasing  the  pitch.     These  are: 

1.  Use  a  stronger  material,  such  as  steel. 

2.  Shroud  the  teeth. 

3.  Use  a  hook  tooth. 

4.  Use  a  stub  tooth. 

Shrouding  a  tooth  consists  in  connecting  the  ends  of  the  teeth 
with  a  rim  of  metal.  When  this  rim  is  extended  to  the  top  of  the 
tooth,  the  process  is  called  "full-shrouding"  (Fig.  39);  and  when 
carried  only  to  the  pitch  line,  it  is  termed  "  half -shrouding " 
(Fig.  40).     The  theoretical  effect  of  shrouding  is  to  make  the  tooth 
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act  like  a  Bhort  beam  built  in  &t  the  sides;  and  the  tooth  will 
practically  have  to  be  sheared  out  id  order  to  fail.  This  modifica- 
tion of  gear  design  requires  the  teeth  to  be  cast,  bb  the  catter 
cannot  pass  through  the  shroading.  The  strength  of  the  shrouded 
gear  is  estimated  to  be  from  25  to  50  per  cent  above  that  of  the 
plain-tooth  type. 


Fig.  39. 


FiR.  i'X 


The  hook-tooth  gear  {Fig.  41)  is  applicable  only  to  cases 
where  the  load  on  the  tooth  does  not  reverse.  The  working  side 
of  the  tooth  is  made  of  the  usual  standard  curve,  while  the  back  is 
made  of  a  curve  of  greater  obliquity,  resulting  in  a  considerable 
increase  of  thickness  at  the  root  of  the  tooth,  A  comparison  of 
strength  between  this  form  and  the  standard  mny  be  made  by 
drawing  the  two  teeth  for  a  given  pitch,  measuring  their  thickness 
just  at  top  of  the  Hllet,  and  finding  the  relation  of  the  squares 
of  these  dimensions.  The  truth  of  this  relation  is  readily  seen  from 
an  inspection  of  formula  01. 

The  stub  toeth  merely  involves  the  shortening  of  the  height 
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of  the  tooth  in  order  to  reduce  the  lever  arm  on  which  the  load 
acts,  thus  reducing  the  moment,  and  thereby  permitting  a  greater 
load  to  be  carried  for  the  same  stress. 

The  rim  of  a  gear  is  dependent  for  its  proportions  chiefly  on 
questions  of  practical  moulding  and  machining.  It  must  bear  a 
certain  relation  to  the  teeth  and  arms,  so  that,  when  it  is  cooling  in 
the  mould,  serious  shrinkage  stresses  will  not  be  set  up,  forming 
pockets  and  cracks.  Moreover,  when  under  pressure  of  the  cutter 
in  the  producing  of  the  teeth,  it  must  not  chatter  or  spring.  This 
condition  is  quite  well  attained  in  ordinary  gears  when  the  thick- 
ness of  the  rim  below  the  base  of  the  tooth  is  made  about  the  same 
as  the  thickness  of  the  tooth. 


L-IGHT  PREaSURt 
ON  BACK  or  TOOTH. 


UC3A0CD 

»*iMvourrE. 


Pig.  41. 

The  stiffening  ribs  and  arms  must  all  be  joined  to  the  rim  by 
ample  fillets,  and  the  cross-section  must  be  as  uniform  as  possible, 
to  prevent  unecjual  cooling  and  consequent  puUing-away  of  the 
arms  from  the  rim  or  hub.  Often  the  calculated  size  of  the  arms 
at  both  rim  and  hub  has  to  be  modified  considerably  to  meet  this 
requirement. 

The  arms  are  usually  tapered  to  suit  the  designer's  eye,  a 
small  gear  requiring  more  taper  per  foot  than  a  large  one.  Both 
rim  and  hub  should  be  tapered  i  inch  per  foot  to  permit  easy 
drawincj-out  from  the  mould. 

The  proportions  given  in  the  following  table  have  been  used 
with  success  as  a  basis  of  gear  design  in  manufacturing  practice. 
•  The  table  will  serve  as  an  excellent  guide  in  laying  out,  and  can  be 
closely  followed,  in  most  cases  with  but  slight  modification. 
Web  gears  are  introduced  for  small  diameters  where  the  arms  begin 
to  look  awkward  and  clumsy. 
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Ocar  DcslKB  ObU. 

DUmetnl  pitch  .. 

P 

IJ 

« 

2 

2i 

3 

3» 

-1 

6 

6 

8 

Face 

F 

61 

6J 

« 

3J 

31 

2J 

2» 

2i 

11 

1» 

Thickness  of  arm 
when  eilended 
to  pitch  line. . . . 

a 

« 

1» 

n 

1 

t 

H 

i 

H 

« 

i 

Width  of  arm  when 
extended    to 
pitch  line 

c 

4 

a> 

3 

24 

2i 

2 

U 

u 

If 

H 

Thiclmessof  rim.. 

K 

21 

2| 

2) 

1| 

1* 

If 

u 

1 

i 

i 

Depth  of  rib 

E 

2 

U 

n 

H 

1 

1 

1 

1 

t 

i 

Thickness  of  web. 

T 

H 

1 

i 

1 

s 

A 

i 

Tl 

1 

A 

Number  of  arms,  6. 

Ctive  inside  of  rims  and  hub  a  draft  of  i  inch  per  foot. 

BEVEL  DEARS. 

NOTATION— Th»  following  notBtioD  is  nsed  throoghoDt  the  chapter  od  BeTe 


A  ciApei  dUtanoe  at  pitch  etomeot  of 

cone  ( inches) . 
Ai=Apei   diBtance  at  bottom  Blement 

of  tooth  (InehFs). 
B  =Aiiglaot  bottom  of  tooth  (desraes). 
C  =Pitchansle  (degrees). 
D  =Pitch  diameter  (inches). 
E  =RadiUB  increment  of  gear(inehM). 
F  =Fbc«  or  gear  (Inches), 
/  =Clearance  at  bottom  (inches). 
O  =Angle  of  face  (degrees). 
H  =(^tting  aogle  (desrees). 
K  siRadiDi       increment       ot      pinion 

{Inobes). 
ll=NDmberot  teeth. 
Ni=FarmatlTe    number    ot    teeth,    or 

the  nnmbat  oorreapondinc  to  the 

■ptu  ^ar  on  wUoh  tha  onUln*  of 

toothtonade. 


0  D=OntsldBdlHiDeter  (inches). 

P  =DiiimetrBl  pitch  r^latfd  to  pitch 
diameter  (tcpth  per  inch). 

Pi  =Circular  pilch  measured  on  the 
circumference  of  D(inchi!s). 

S  =Worliin8StroaKth  otmatoriBl  (lbs. 
per  sq.  in.). 

1  =  Addendum,   or   beiaht   of    tooth 

■boie  pitch  line  (inches). 
•  +/=Deptb  of  toolb  belon  pilch  line 

(inches). 
T      =ADsleoftopof  tooth  (degree*). 
(        =Thielines9  ot  tooth   at  pitch  line 

(inches). 
W    =Worktnc  load  at  pitch  line  (Iba.). 
V     E>Fa«tM  li>  "Lewis"  formula. 


•-Ider  berel  gears  as  the 
Ciuin.    The  pitch 
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surfaces  of  spur  gears  described  above  as  cylinders,  mathematicallj 
considered,  are  cones  whose  vertices  are  infinitely  distant,  while 
bevel  gears  likewise  are  based  on  pitch  cones,  but  with  a  vertex  at 
some  finite  point,  common  to  the  mating  pair.  Hence,  as  we 
might  expect,  the  laws  of  tooth  action  are  similar  in  bevel  gears 
to  those  in  the  case  ot  spur  gears.  The  profile  of  tlie  tooth  in  the 
former  case,  however,  is  based,  not  on  the  real  radius  of  the  pitch 
cone,  but  on  the  radius  of  the  normal  cone  ;  and  in  the  develop- 
ment of  the  outline  the  latter  is  treated  just  as  though  it  were  the 
radius  of  a  spur  gear.  The  tooth  thus  formed  is  wrapped  back  up- 
on the  normal  cone  face,  and  becomes  the  large  end  of  the  taper- 
ing bevel-gear  tooth  (see  Fig.  44). 


Fig.  42. 

The  teeth  of  bevel  gears,  being  simply  projections  with  bases  on 
the  jiitch  cones,  have  a  varying  crosa-aection  decreasing  toward  the 
vertex  ;  also  a  trapezoidal  section  of  root,  the  latter  section  acting 
as  a  beam  section  to  resist  the  cantilever  moment  due  to  the  tooth 
load. 

The  arms  must,  as  in  the  case  of  spur  gears,  transmit  the  load 

from  the  tooth  to  the  shaft;  in  addition,  the  arms  of  a  bevel  gear 

are  subjected   to  a  side  thrust  due  to  the  wedging  action  of  the 

cones.     Hence  sidewise  stilTness  of  the  arms  is  more  essential  in 

I  this  type  of  gear  than  in  the  case  of  the  spur  gear. 

THEORY.  It  ia  evident  that  the  calculation  of  tooth  strength 
ed  on  a  trapezoidal  section  of  root  would  be  somewhat  compli- 
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ested  ;  also  that  the  trapezoid  in  moBt  cases  would  be  but  little 
different  from  a  true  rectaiiglf.  Hence  the  error  will  be  but 
slight  if  the  average  cross-sectiou  of  the  tooth  be  taken  to  repre- 
sent its  strength,  and  the  calculation  made  accordingly. 
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Fig.  45  shows  a  bevel-gear  tooth  with  the  average  crosB-sec- 
tioD  in  dotted  lines.  For  the  purpose  of  calcnlation,  the  aBsamp- 
tion  IB  made  that  the  section  A  is  carried  the  fnll  length  of  the 
bee  of  the  gear,  and  that  the  load  which  this  average  tooth  mnst 
carry  ia  the  calcalated  load  at  the  pitch  line  of  section  A.  This 
is  equivalent  to  saying  that  the  strength  of  a  bevel-gear  tooth  is 
eqnid  to  that  of  a  spur-gear  tooth  which  haa  the  Bame  face,  and  a 
flection  identical  wiUi  that  cat  ont  by  a  plane  at  the  middle  of  the 
bevel  tooth.  The  load,  aB  in  the  caee  of  the  spnr  gear,  ehonld  be 
taken  at  the  top  of  the  tooth;  and  its  magnitude  can  be  con- 
veniently calculated  at  the  mean  pitch  radius  of  the  bevel  face, 
without  appreciable  error. 

This  similarity  to  spur  gears  being  borne 
in  mind,  the  calculation  for  strength  needs  no 
further  treatment.  Once  the  average  tooth  is 
assumed  or  found  by  layout,  a  strict  following- 
out  of  the  methods  pursued  for  Bpur-gear 
teeth  will  bring  consistent  results. 

Thedetail  design  ofa  pair  of  bevel  gears 
involves  some  trigonometrical  computations 
in  order  properly  to  dimensioD  the  drawing 
for  use  in  finishing  the  blanks  and  subse- 
Pig.  45.  quently  in  cutting  the  teeth,  or,  in  the  case 

of  cast  gears,  in  making  the  pattern.  These 
calculations,  although  simple,  are  yet  apt  to  be  tedious;  and  inac- 
curacies are  likely  to  creep  in  if  a  definite  aystem  of  relations 
be  not  maintained.  Hence  the  results  of  these  calculations  are 
given  below  in  condensed  and  reduced  form.  The  deduction  of 
these  formalse  is  a  simple  and  interesting  exercise  in  trigonometry; 
and  it  is  urged  that  they  be  worked  out  by  the  student  from  the 
figure,  in  which  case  he  will  feel  greater  confidence  in  their  ose. 

Asm  oI  Ocars  M  90  D*f  r«. 
Uniotaorlpt  1  for  gutf.  P  for  pinion.     Letter?  refar  to  Fig,  U. 
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/  -  10  -  20  -  20P' 

(73) 

tan  Ct  =  -^i  ton  Ci  =  jp- 

(741 

8        2  Bin  C    ' 
tonT  =-^  =  ^pi^- 

<J5) 

tonB=-4^  = N— 

(76) 

<  +/  =  A  tan B  =  ^  =  0368P'. 

M                  1                                         1 

(77) 

^  =  -W^^i5  =  W^^''+^'''  ="2- I'  D.'  +  D, 

(78) 

,.        A                    N 

(79) 

*'     cobB      SPcosBsinC     " 

Gi  =  90=-(C, +T);  Gp  =  90^  -  (Cp  +  T). 

(80) 

E  =  S  coa  C.  =  8  Bin  C»  . 

(81) 

K  =  Soo8Ct,  =  SBinO,. 

(82) 

PRACTICAL  MODIFICATION.  The  practical  requirementa 
to  be  met  in  traDBiiiisBion  of  power  by  beve]  gears  are  the  eame  as 
for  spur  gears;  but  in  the  case  of  bevel  gears  even  greater  care  is 
necessary  to  provide  stiffness,  strength,  true  alignment,  and  rigid 
supports.  As  far  as  tbe  gears  themselves  are  concerned,  a  long 
face  is  desirable;  but  it  is  nnicb  more  difficult  to  gain  tbe  ad- 
vantage of  its  strength  than  in  tbe  case  of  spur  gears,  because  full 
bearing  along  tbe  length  of  tbe  tooth  is  bard  to  guarantee. 

The  rim  usually  requires  a  series  of  riba  running  to  tbe  hob 
to  give  required  stiffness  and  strength  against  the  side  thrust  vrbich 
IB  always  present  in  a  pair  of  bevel  gears.  Instead  of  arms,  the 
tendency  of  bevel-gear  design,  except  for  very  large  gears,  is  toward 
a  web  on  account  of  tbe  better  and  more  uniform  connection 
thereby  secured  between  rim  and  hub.  Tbia  web  may  be  lightened 
by  a  number  of  holes,  so  that  tbe  resultant  effect  is  that  of  a  num- 
ber of  wide  and  flat  arms. 

The  hubB  naturally  bave  to  be  fully  as  long  as  those  of  spur 
gears,  because  there  is  greater  tendency  to  rock  on  tbe  shaft,  due 
to  the  side  thrust  from  tbe  teeth,  mentioned  above. 

Tbe  teeth  on  small  gears  are  cut  with  rotary,  cutters,  at  least 
two  finishing  cuts  being  necessary,  one  for  each  aide  of  the  taper- 
ing tooth.  Tbe  more  accurate  method  ia  to  plane  the  teeth  on  a 
special  gear  planer,  and  this  method  is  followed  on  all  gears  of 
any  considerable  size.  Tbe  practical  requirement  here  is  that  no 
portion  of  the  hub  shall  project  so  as  to  interfere  witb  tbe  stroke 
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of  the  planer  tool.     The  requirements  of  gear  planers  vary  some- 
what in  this  regard. 

Finally,  after  all  that  is  possible  has  been  done  in  the  design 
of  the  gear  itself  to  render  it  siiitable  to  withstand  the  varied 
stresses,  especial  attention  must  be  paid  to  the  rigidity  of  the 
supporting  shafts  and  bearings.  Bearings  should  always  be  close 
up  to  the  hubs  of  the  gears,  and,  if  possible  the  bearing  for  both 
pinion  and  gear  should  be  cast  in  the  same  piece.  If  this  is  not 
done,  the  tendency  of  the  separate  bearings  to  get  out  of  line  and 
destroy  the  full  bearing  of  the  teeth  is  difficult  to  control.  Thrust 
washers  are  desirable  against  the  hubs  of  both  pinion  and  gear; 
also  proper  means  of  well  lubricating  the  same. 

With  these  considerations  carefully  met,  bevel  gears  are  not 
the  bugbear  of  machine  design  that  they  are  sometimes  claimed 
to  be.  The  common  reason  why  bevel  gears  cut  and  fail  to  work 
smoothly,  is  that  the  gears  and  supports  are  not  designed  carefully 
enough  in  relation  to  each  other.  This  is  also  true  of  spur  gears, 
but  the  bevel  gear  will  reveal  imperfections  in  its  design  far  the 
more  quickly  of  the  two. 

WORM  AND  WORM  GEAR. 

NOTATION— The  following  notation  is  used  throughout  the  chapter  on  Worm  and 
WormOear: 


D  =Pitch  diameter  of  gear  (inches). 
E  =  Efficiency  between  worm  shaft  and 

gear  shaft  (per  cent). 
f    =Clearance    of    tooth    at     bottom 

(inches). 
i     =  Index  of  worm  thread  (1  for  singlo' 

2  for  double,  etc.). 
L    =Lcad  of  worm  thread  (inches). 
M   =Revolutions    of    gear    shaft     per 

minute. 
Mw= Revolutions    of  worm    shaft    per 

minute. 
N  =Number  of  teeth  in  gear. 


Pl  =Circular     pitch  =  Pitch    of    worm 

thread  (inches). 
R    =Radius  of  pitch  circle  of  worm  gear 

(inches). 
»     =  Addendum  of  tooth  (inches). 
T    =Twistiug   moment    on   gear   shaft 

(inch-lbs.). 
T«=Twisting  moment  on  worm    shaft 

(inch-lbs.). 
i    =  Thickness  of  tooth   at   pitch  line 

(inches). 
W  =Lioad  at  pitch  line  (lbs.). 


ANALYSIS.     The  simplest  way  of  analyzing  the  case  of  the 

womi  and   worm  gear   is    to  base    it    upon   an    ordinary    screw 

•«4  nut.     Take,  for  example,  the  lead  screw  of  a  common  lathe. 

iage  carries  a  nut,  through  which  the  lead  screw  passes, 

»tion  of  the  screw,  the  carriage,  being  constrained  by  the 

lengthwise  of  th^  ways,  is  mpv^.         This  motion 
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18,  for  a  single-threaded  screw,  a  distance  per  revolution  equal  to 
the  lead  of  the  screw. 

Now,  suppose  that  the  carriage,  instead  of  sliding  along  the 
ways,  is  compelled  to  turn  about  an  axis  at  some  point  below  the 
ways.  Also,  suppose  the  top' of  the  nut  to  be  cut  off,  and  its  length 
made  endless  by  wrapping  it  around  a  circle  struck  from  the  center 
about  which  the  carriage  rotates.  This  reduces  the  nut  to  a 
peculiar  kind  of  spur  gear,  the  partial  threads  of  the  nut  now 
having  the  appearance  of  twisted  teeth. 

This  special  form  of  spur  gear,  based  on  the  idea  of  a  threaded 
nut,  is  known  as  a  worm  gear,  and  the  screw  is  termed  a  worm. 
The  teeth  are  loaded  similarly  to  those  of  a  spur  gear,  but  with  the 
additional  feature  of  a  large  amount  of  sliding  along  the  tooth 
surfaces.  This,  of  course,  means  considerable  friction;  and  it  is  in 
fact  possible  to  utilize  the  worm  and  worm  gear  as  an  eflBcient 
device,  only  by  running  the  teeth  constantly  in  a  bath  of  oil. 
Even  then  the  pressures  have  to  be  kept  well  down  to  insure  the 
required  term  of  life  of  the  tooth  surfaces. 

It  is  evident  that  for  one  revolution  of  a  single-threaded  worm, 
one  tooth  of  the  gear  will  be  passed.  The  speed  ratio  between  the 
worm  gear  and  worm  shaft  will  then  be  equal  to  the  number  of 
teeth  in  the  gear,  which  is  relatively  great.  Hence  the  worm  and 
worm  gear  are  principally  useful  in  giving  large  speed  reduction 
in  a  small  amount  of  space. 

THEORY.  The  theory  of  worm-wheel  teeth  is  complicated 
and  obscure.  The  production  of  the  teeth  is  simple,  a  dummy  worm 
with  cutting  edges,  called  a  *'hob,"  being  allowed  to  carve  its  way 
into  the  worm-gear  blank,  thus  producing  the  teeth  and  at  the 
same  time  driving  the  worm  gear  about  its  axis. 

It  is  clear  that  if  we  know  the  torsional  moment  on  the  worm- 
gear  shaft,  and  the  pitch  radius  of  the  worm  gear,  we  can  find  the 
load  on  the  teeth  at  the  pitch  line  by  dividing  the  former  by  the 
latter.     Expressed  as  an  equation: 

WR  =  T;orW=^.  (83) 

How  we  shall  consider  this  value  of  W  as  distributed  on  the 
teeth,  is  a  question  difficult  to  answer.     The  teeth  not  only  are 
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curved  to  embrace  the  worm,  but  are  twisted  across  the  face  of  the 
gear,  so  that  it  would  be  practically  impossible  to  devise  a  purely 
theoretical  method  of  exact  calculation.  The  most  reasonable  thing 
to  do  is  to  assume  the  teeth  as  being  equally  as  strong  as  spur -gear 
teeth  of  the  same  circular  pitch,  and  to  figure  them  accordingly. 
It  is  probably  true,  however,  that  the  load  is  carried  by  more  than 
one  tooth,  especially  in  a  hobbed  wheel;  so  we  shall  be  safe  in 
BBsuming  that  two — and,  in  case  of  large  wheels,  three — teeth 
divide  the  load  between  them.  With  these  considerations  borne 
in  mind,  the  case  reduces  itself  to  that  of  a  simple  apur-gear 
tooth  calculation,  which  has  already  been  explained  under  the 
heading  "Spur  Gears." 

The  worm  teeth,  or  threads,  are  probably  always  stronger  than 
the  worm-gear  teeth;  so  no  calculation  for  their  strength  need  be 
made. 

The  twisting  moment  on  the  worm  shaft  is  not  determined  bo 
directly  as  in  the  case  of  spur  gears.  The  relative  number  of 
revolutions  of  the  two  shafts  depends  upon  the  "  lead "  of  the 
worm  thread  and  the  number  of  teeth  in  the  gear. 

Lead  (L)  is  the  distance  parallel  to  the  axis  of  the  worm  which 
any  point  in  the  thread  advances  in  one  revolution  of  the  worm. 
Pitch  (P')  is  the  distance  parallel  to  the  axis  of  the  worm  between 
corresponding  points  on  adjacent  threads.  The  distinction  between 
lead  and  pitch  should  be  carefully  observed,  as  the  two  are  often 
confounded,  one  with  the  other. 

The  thread  may  be  single,  double,  triple,  etc.,  the  index  of  the 
thread  i,  being  1,  2,  S,  etc.,  in  accordance  therewith.  The  relation 
between  lead  and  pitch  may  then  be  expressed  by  an  equation,  thus: 

L  =  t  P'.  (84) 

When  the  index  of  the  thread  is  changed  the  speed  ratio  is 
changed,  the  relation  being  ahown  by  the  equation: 

If  the  efiiciency  were  100  per  c»at  between  the  two  shafts, 
the  twisting  momuiita  wottld  bU{iM&|An|  the  ratio  of  the  speeds 
thus: 
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Tw_J4 i 

T  -  M,  -IT"' 

T,  =  ^*;  (86) 

but  for  an  efficiency  E  the  equation  would  be: 

Tw i__ 

T^EN' 

The  diameter  of  the  worm  is  arbitrary.  Change  of  this 
diameter  has  no  effect  on  the  speed  ratio.  It  has  a  slight  effect  on 
the  eflBciency,  the  smaller  worm  giving  a  little  higher  efiSciency. 
The  diameter  of  the  worm  runs  ordinarily  from  3  to  10  times  the 
circular  pitch,  an  average  value  being  4P*  or  5P*. 

A  longitudinal  cross-section  through  the  axis  of  the  worm 
cuts  out  a  rack  tooth,  and  this  tooth  section  is  usually  made  of  the 
standard  14r|°  involute  form  shown  in  Fig.  46  for  a  rack. 

The  end  thrust,  of  a  mag- 
nitude practically  equal  to  the  r—V 
pressure   between   the  teeth, 


•t  — 


has  to  be  taken  by  the  hub  of    y~7      V^^"^      \  I      \ 

the  worm  against  the  face  of  — W V f T j t~T" 

the  shaft  bearing.     A  serious  /  v     /  \      /  Vl 


the  shaft  bearing.     A  serious 

loss  of  eflBciency  from  friction  Pig.  46. 

is  likely  to  occur  here.     This  * 

is  often  reduced,  however,  by  roller  or  ball  bearings.     With  two 

worms  on  the  same  shaft,  each  driving  into  a  separate  worm  gear, 

it  is  possible  to  make  one  of  the  worms  right-hand  thread,  and 

the  other  left-hand,  in  which  case  the  thrust  is  self-contained  in 

the  shaft  itself,  and  there  is  absolutely  no  end  thrust  against  the 

face  of  the  bearing.     This  involves  a  double  outfit  throughout,  and 

is  not  always  practicable. 

There  are  few  mathematical  equations  necessary  for  the  dimen- 
sioning of  a  worm  and  worm  gear.  The  formula  for  the  tooth 
parts  as  given  on  page  120  apply  equally  well  in  this  case. 

PRACTICAL  MODIFICATION.  The  discussion  of  the  eflS- 
dency  £  of  the  worm  and  worm  gear  is  more  of  a  practical  thaq 
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of  a  theoretical  nature.  It  seems  to  be  true  from  actual  operation, 
as  well  as  theory,  that  the  steeper  the  threads  the  higher  the  effi- 
ciency. In  actual  practice  we  seldom  have  opportunity  to  change 
the  slope  of  the  thread  to  get  increased  efficiency.  The  slope 
is  usually  settled  from  considerations  of  speed  ratio,  or  available 
space,  or  some  other  condition.  The  usual  practical  problem  is  to 
take  a  given  worm  and  worm  gear,  and  to  make  out  of  it  as  efficient 
a  device  as  possible.  With  hobbed  gears  running  in  oil  baths,  and 
with  moderate  pressures  and  speeds,  the  efficiency  will  range  between 
40  per  cent  and  70  per  cent.  The  latter  figure  is  higher  than  is 
usually  attained. 

To  avoid  cutting  and  to  secure  high  efficiency,  it  seems  es- 
sential to  make  the  worm  and  the  gear  of  different  materials. 
The  worm-thread  surfaces  being  in  contact  a  greater  number  of 
times  than  the  gear  teeth,  should  evidently  be  of  the  harder  material. 
Hence  we  usually  find  the  worm  of  steel,  and  the  gear  of  cast  iron, 
brass,  or  bronze.  To  save  the  expense  of  a  large  and  heavy  bronze 
gear,  it  is  common  to  make  a  cast-iron  center  and  bolt  a  bronze 
rim  to  it. 

The  worm,  being  the  most  liable  to  replacement  from  wear, 
it  is  desirable  so  to  arrange  its  shaft  fastening  and  general  acces- 
sibility that  it  may  be  readily  removed  without  disturbing  the 
worm  gear. 

The  circular  pitch  of  the  gear  and  the  pitch  of  the  worm 
thread  must  be  the  same,  and  the  practical  question  comes  in  as  to 
the  threads  per  inch  possible  to  be  cut  in  the  lathe  in  the  pro- 
duction of  the  worm  thread.  The  pitch  must  satisfy  this  require- 
ment; hence  the  pitch  will  usually  be  fractional,  and  the  diameter 
of  the  worm  gear,  to  give  the  necessary  number  of  teeth,  must  be 
brought  to  it.  While  it  would  perhaps  be  desirable  to  keep  an 
even  diametral  pitch  for  the  worm  gear,  yet  it  would  be  poor  de- 
sign to  specify  a  worm  thread  which  could  not  be  cut   in  a  lathe. 

The  standard  involute  of  14J°,  and  the  standard  proportions 
of  teeth  as  given  on  page  120,  are  usually  used  for  worm  threads. 
This  system  requires  the  gear  to  have  at  least  30  teeth,  for  if  fewer 
teeth  are  used  the  thread  of  the  worm  will  interfere  with  the 
flanks  of  the  gear  teeth.  This  is  a  mathematical  relation,  and 
there  are  methods  of  preventing  it  by  change  of  tooth  proportions 
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or  of  angle  of  worm  thread  ;  btit  there  are  few  inatancea  in  which 
less  than  30  teeth  are  required,  and  it  is  not  deemed  worth  while 
to  go  into  a  lengthy  discuBsion  of  thia  point. 

Tlie  angle  of  the  worm  embraced  by  the  worm-gear  teeth 
varies  from  GO'  to  90',  and  tlie  general  diraenBiona  of  rim  are  made 
about  the  same  as  for  spur  gears.  The  arms,  or  the  web,  have  the 
same  reasons  for  their  size  and  shape.  Probably  web  gears  and 
cross-shaped  arms  are  more  common  than  oval  or  elliptical  aectiona. 

AVorm  gears  sometimes  have  cast  teeth,  but  they  are  for  the 
roughest  service  only,  and  give  but  a  point  bearing  at  the  middle 
of  the  tooth.  An  accurately  bobbed  worm  gear  will  give  a  bearing 
clear  across  the  face  of  the  tooth,  and,  if  properly  set  npaud  cared 
for,  makes  a  good  mechanical  device  although  admittedly  of  some- 
what low  efHciency, 

Fig,  47  shows  a  detail  drawing  of  a  standard  worm  and  worm 
gear.  It  should  serve  as  a  suggestion  in  design,  and  an  illustntioD 
of  the  shop  dimensions  required  for  its  production. 

PROBLEMS  ON  SPUR,   BEVEL,  AND  WORM  0EAR5. 

1.  Calculate  proportions  of  a  standard  Brown  &  Sharpe 
gear  tooth  of  1^  diametral  pitch,  making  a  rough  aketch  and  pot- 
ting the  dimensions  on  it. 

2.  Suppose  the  above  tooth  to  be  loaded  at  the  top  with 
5,000  lbs.  If  the  face  be  0  inches,  calculate  the  fiber  Btreas  at  the 
pitch  line,  due  to  l)ending.  ^ 

3.  A  tooth  load  of  1,200  lbs.  is  transmitted  between  two 
Bpur  gears  of  12-inch  and  30-inch  diameter,  the  latter  gear  making 
100  revolutions  per  minute.  Calculate  a  saitable  pitch  and  face 
of  tooth  by  the  "  Lewis  "  formnla. 

Assuming  a  ^-inch  web  on  the  12-inch  gear,  calculate  the 
Bhearing  fiber  stress  at  the  outside  of  a  bub  4  inches  in  diameter 
5.     Design  elliptical  arma    for    the    30-inch  gear,   allowing 
!,200. 

Design  cross-shaped  arms  for  30-inch  gear. 
Calculate  the  dimensions  shown   in  fonnnUe  70  to  82  in- 
fer a  pair  of  bevel  gears  of  20  and  60  teeth  respectively,  3 
tbI  pitch,  and  4-inch  face.     (The  use  of  logarithmic  tables 
Iwoaloahttion  moch  easier  than  with  the  natural  functiona.) 
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8.     A  worm  wheel  has  40  teeth,  3  diametral  pitch,  and  double 
thread.     Calculate  (a)  its  lead;  (&)  its  pitch  diameter. 

FRICTION  CLUTCHES. 

NOTATION— The  following  notation  is  used  throoghout  the  chapter  on  Friction  Clutches:. 

a  =Angle  between  clutch  face 
and  axis  of  shaft  (degrees ) 

H  =Horse-i)Ower  (SS/nu  ft.-lh8. 
per  minute). 

fl  sOoefflcient  of  friction  (per 
cent). 

N  sNumberof  revolutions  per 
minute. 

P  rsForce  to  hold  clutch  in  gear 
to  produce  W  Obs.). 

R  =Mean  radius  of  friction  sur- 
face (inches). 

T  =Twi8ting  moment  about 
shaft  axis  (inch-lbs.). 

V  =Force  normal  to  dntoh  face 
(lbs.). 

W=Load  at  mean  radius  of 
friction  surface  (LXm,), 

ANALYSIS.      The 

friction  clutch  is  a  de- 
vice for  connecting  at 
will  two  separate  pieces 
of  shaft,  transmitting  an 
amount  of  power  be- 
tween them  to  the  capac- 
ity of  the  clutch.  The 
connection  is  usually  ac- 
complished while  the 
driving  shaft  is  under 
full  speed,  the  slipping 
between  the  surfaces 
which  occurs  during  the 
throwing-in  of  the 
clutch,  permitting  the 
driven  shaft  to  pick  up 
the  speed  of  the  other 
gradually,  without  ap- 
preciable shock.  The 
dis(K>nnection  is  made  in 
the  same   manner,   the 
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amount  of  slipping  which  occurs  depending  on  the  suddenness  with 

which  the  clutch  is  thrown  out. 

The  force  of  friction  is  the  sole  driving  element,  hence  the 

problem  is  to  secure  as 
large  a  force  of  friction 
as  possible.  But  friction 
cannot  be  secured  with- 
out a  heavy  normal  pres- 
sure between  surfaces 
having  a  high  coefficient 
of  friction  between  them. 
The  many  varieties  of 
friction  clutches  which 
are  on  the  market  or  de- 
signed for  some  special 
purpose,  are  all  devices 
for  accomplishing  one 
and  the  same  effect,  viz.^ 
the  production  of  a  heavy 
normal  force  or  pressure 
between  surfaces  at  such 
a  radius  from  the  driven 
axis,  that  the  product  of 
the  force  of  friction 
thereby  created  and  the 
radius  shall  equal  the 
desired  twisting  moment 
about  that  axis. 

Three  typical  meth- 
odsof  accomplishing  this 
are  shown  in  Figs.  48, 
49,   and  50.      None  of 

these  drawings  is  worked 
out  in  operative  detail. 

They  are  merely  illus- 
trations of  principle,  and  are  drawn  in  the  simplest  form  for  that 
purpose. 

In  Fig*  48  the  nor^^i  ^        *^  *^  •>eated  in  the  simplest  pos- 
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sible  way,  an  absolutely  direct  push  being  exerted  between  the 
discs,  due  to  the  thrust  P  of  the  clutch  fork. 

In  Fig.  49  advantage  is  taken  of  the  wedge  action  of  the  in- 
clined faces,  the  result  be- 
ing that  it  takes  less  thrust 
P  to  produce  the  required 
normal  pressure  at  the  ra- 
dius n. 

In  Fig.  00  the  inelin- 
ation  of  the  faces  is  carried 
BO  far  that  the  angle  a  of 
Fig.  49  has  become  zero; 
and  by  the  toggle-joint  ac- 
tion of  the  link  pivoted  to 
the  clutch  collar,  the  nor- 
ma] force  produced  may  be 
very  greatfor  a  slight  thrust 
P.  By  careful  adjustment 
of  the  length  of  the  link  80 
that  the  jaw  takes  hold  of 
the  clutch  surface,  wheo 
the  link  stands  nearly  ver- 
tical, a  very  easy  operating 
device  ia  secured,  and  the 
thrust  P  is  made  a  mini- 
mum. 

THEORY.  Referring 
to  Fig.  48  in  order  to  cal- 
culate the  twisting  mo- 
ment,  we  must  remember 
that  the  force  of  friction 
between  two  surfaces  is 
equal  to  the  normal  pres- 
sure times  the  coefficient  of 
friction.  This,  in  the  form 
of  an  equation,  using  the  symbols  of  the 


W  =  ^P. 


(88) 
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Hence  we  may  consider  that  we  have  a  force  of  magnitade  ftP 
acting  at  the  mean  radios  R  of  the  clutch  surface.  The  twisting 
moment  will  then  be  : 

T  =  WR  =  ftPR.  (89) 

Referring  to  equation  54,  which  gives  twisting  moment  in  terms 
of  horse^power,  and  putting  the  two  expressions  eqoal  to  each  other, 
we  have  : 

63,026H 
T  = jj =  ^PR; 


or 


This  expression  gives  at  once  the  horse-power  that  the  clutch  will 
transmit  with  a  given  end  thrust  P. 

In  Fig.  49  the  equilibrium  of  the  forces  is  shown  in  the  little 
sketch  at  the  left  of  the  figure.  The  clutch  faces  are  supposed 
to  be  in  gear,  and  the  extra  force  necessary  to  slide  the  two  to- 
gether is  not  considered,  as  it  is  of  small  importance.  The  static 
equations  then  are : 

V 

P  =  2-n-8in  a\ 

or,  V  =  P  cosec  a.  (91) 

W  =  /xV   =   fiP  cosec  a.  (9^) 

T  =  WR  =  ;xPR  cosec  a.  (93) 

^       63,025H 

T  =s «^ =  ftPR  cosec  a] 


or, 


fiNPR  cosec  a  ^     v 

^  = fKk  Mk (94; 


63,025 


In  Fig.  50,  P  would  of  course  be  variable,  depending  on  the 
inclination  of  the  little  link.  The  amount  of  horse-power  which 
this  clutch  would  transmit  would  be  the  same  as  in  the  case  of  the 
device  illustrated  in  Fig.  49,  for  an  equal  normal  force  Y  produced. 

The  further  theoretioal  design  ^  sneh  dutches  should  be  in 
acoordance  with  tke  aame  urindiiliea  m  for  annB  and  webs  of 
polleysi  geaiti  0  mwt  be  libonl  in 


MACHINE  DESIGN  US 

order  to  prevent  tipping  on  the  shaft  as  a  result  of  uneven  wear. 
The  end  thrust  is  apt  to  be  considerable;  and  extra  side  stiffness 
must  be  provided,  as  well  as  a  rim  that  will  not  spring  under  the 
radial  pressure. 

PRACTICAL  nODIPICATION.  It  is  desirable  to  make  the 
most  complicated  part  of  a  friction  clutch  the  driven  part,  for  then 
the  mechanism  requiring  the  closest  attention  and  adjustment  may 
be  brought  to  and  kept  at  rest  when  no  transmission  of  power  is 
desired. 

Simplicity  is  an  important  practical  requirement  in  clutches. 
The  wearing  surfaces  are  subjected  to  severe  usage;  and  it  is 
essential  that  they  be  made  not  only  strong  in  the  first  place,  but 
also  capable  of  being  readily  replaced  when  worn  out,  as  they  are 
sure  to  be  after  some  service. 

The  form  of  clutch  shown  in  Fig.  50  is  the  most  efficient 
form  of  the  three  shown,  although  its  commercial  design  is  consid- 
erably different  from  that  indicated.  Usually  the  jaws  grip  both 
sides  of  the  rim,  pinching  it  between  them.  This  relieves  the 
clutch  rim  of  the  radial  unbalanced  thrust. 

Adjusting  screws  must  be  provided  for  taking  up  the  wear, 
and  lock  nuts  for  maintaining  their  position. 

Theoretically,  the  rubbing  surfaces  should  be  of  those  materials 
whose  coefficient  of  friction  is  the  highest;  but  the  practical  ques- 
tion of  wear  comes  in,  and  hence  we  usually  find  both  surfaces  of 
metal,  cast  iron  being  most  common.  For  metal  on  metal  the 
coefficient  of  friction  fi  cannot  be  safely  assumed  at  more  than  15 
per  cent,  because  the  surfaces  are  sure  to  get  oily. 

A  leather  facing  on  one  of  the  surfaces  gives  good  results  as 
to  coefficient  of  friction,  /jl  having  a  value,  even  for  oily  leather,  of 
20  per  cent.  Much  slipping,  however,  is  apt  to  burn  the  leather; 
and  this  is  most  likely  to  occur  at  high  speeds. 

Wood  on  cast  iron  gives  a  little  higher  coefficient  of  friction 
for  an  oily  surface  than  metal  on  metal.  Wood  blocks  can  be  so 
set  into  the  face  of  the  jaws  as  to  be  readily  replaced  when  worn, 
and  in  such  case  make  an  excellent  facing. 

The  angle  a  of  a  cone  friction  clutch  of  the  type  shown  in 
Fig.  49,  may  evidently  be  made  so  small  that  the  two  parts  will 
wedge  together  tightly  with  a  very  slight  pressure  P;  or  it  may 
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be  80  large  as  to  have  little  wedging  action,  and  approach  the  con- 
dition illustrated  in  Fig.  48.  Between  these  limits  there  is  a 
practical  value  which  neither  gives  a  wedging  action  so  great  as  to 
make  the  surfaces  difficult  to  pull  apart,  nor,  on  the  other  hand, 
requires  an  objectionable  end  thrust  along  the  shaft  in  order  to 
make  the  clutch  drive  properly. 

For  a  =  about  15^,  the  surfaces  will  free  themselves  when  P  is  relieved. 
"    a  =      "      12°,    "        "        require  slight  pull  to  be  freed. 
"    a  =      "      1(P,    "        •*        cannot  be  freed  by  direct  pull  of  the 
hand,  but  require  some  leverage  to  produce  the  necessary  force  P. 

PROBLEMS  ON  FRICTION  CLUTCHES. 

1.  With  what  force  must  we  hold  a  friction  clutch  in  to 
transmit  30  horse-power  at  200  revolutions  per  minute,  assuming 
working  radius  of  clutch  to  be  12  inches;  coefficient  of  friction  15 
per  cent;  angle  a  =  10*^  ? 

2.  How  much  horse-power  could  be  transmitted,  other  con- 
ditions remaining  the  same,  if  the  working  radius  were  increased 
to  18  inches  ? 

3.  What  force  would  be  necessary  in  problem  1,  if  the  angle 
a  were  15"",  other  conditions  remaining  the  same  ? 

COUPLINGS. 

NOTATION.— The  following  notation  is  used  throughout  the  chapter  on  CoupUngs: 

D  =Diameter  of  shaft  (inches).  Sc  =Safe  crashing  fiber  stress  Qhs.  per 
d   =  Diameter  of  bolt  body  (inches).  sq.  in.), 

n   =Number  of  bolts.  T  =Twlsting  moment  (inch-lbs.). 
R  =  Radius  of  bolt  circle  (inches).  ^= Thickness  of  flange  (inches). 

S  =Safe  shearing  fiber  stress  (lbs.  per  W  =Load  on  bolts  (lbs.). 
»i.  in.). 

ANALYSIS.  Eigid  couplings  are  iqtended  to  make  the 
shafts  which  they  connect  act  as  a  solid,  continuous  shaft.  In 
order  that  the  shaft  may  be  w^orked  up  to  its  full  strength  capac- 
ity, the  coupling  must  be  as  strong  in  all  respects  as  the  shaft, 
or,  in  other  words,  it  must  transmit  the  same  torsional  moment. 
In  the  analysis  of  the  forces  which  come  upon  these  couplings,  it 
is  not  considered  that  they  are  to  take  any  side  load,  but  that  they 
are  to  act  purely  as  torsional  elements.  It  is  doubtless  true  that  in 
many  cases  they  do  have  to  provide  some  side  strength  and  stiff- 
ness, but  this  is  not  their  natural  function,  nor  the  one  upon  which 
their  design  is  based. 
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Referring  to  Fig.  51,  which  is  the  type  most  convenient  for 
analysis,  we  have  an  example  of  the  simplest  form  of  flans^  coup- 
lins:.  It  consists  merely  of  hubs  keyed  to  the  two  portions,  with 
flanges  driving  through  shear  on  a  series  of  bolts  arranged  con- 
centrically about  the  shaft.  The  hubs,  keys,  and  flanges  are  sub- 
ject to  the  same  conditions  of  design  as  the  hubs,  keys,  and  web  of 
a  gear  or  pulley,  the  key  tending  to  shear  and  be  crushed  in  the 
hub  and  shaft,  and  the  hub  tending  to  be  torn  or  sheared  from  the 
flange.  The  driving  bolts,  which  must  be  carefully  fitted  in 
reamed  holes,  are  subject  to  a  purely  shearing  stress  over  their  full 
area  at  the  joint,  and  at  the  same  time  tend  to  crush  the  metal  in 
the  flange,  against  which  they  bear,  over  their  projected  area. 
This  latter  stress  is  seldom  of  importance,  the  thickness  of  the 
flange,  for  practical  reasons,  being  sufficient  to  make  the  crushing 
stress  very  low. 

THEORY.  The  theory  of  hubs,  keys,  and  flanges,  being  like 
that  already  given  for  pulleys  and  gears,  need  not  be  repeated  for 
couplings.  The  shearing  stress  on  the  bolts  is  the  only  new  point 
to  be  studied. 

In  Fig.  51,  for  a  twisting  moment  on  the  shaft  of  T,  the  load 

T 

at   the  bolt   circle  is  W  =  -=j^-      If  the  number  of  bolts  be  n, 

equating  the  external  force  to  the  internal  strength,  we  have: 

W  =  -^  =  -^n.  (95) 

Although  the  crushing  will  seldom  be  of  importance,  yet  for 
the  sake  of  completeness  its  equation  is  given,  thus: 

W  =  ^  =  Scdtn.  (96) 

CTJI 

The  internal   moment   of  resistance   of   the    shaft   is  -?-;-; 

0.1 

hence  the  equation  representing  full  equality  of  strength  between 
the  shaft  and  the  coupling,  depending  upon  the  shearing  strength 
of  the  bolts,  is: 


5.1B 


=  — 1 — ». 


(97) 
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The  theory  of  the  other  types  of  ooaplingB  is  obBciire,  except 
as  regards  the  proportiona  of  the  key,  which  are  the  same  in  all 
cases.  The  shell  of  the  clamp  coupling,  Fig.  52,  shoald  be  thick 
enough  to  give  equal  torsional  strength  with  the  shaft;  but  the 
exact  function  which  the  bolts  perform  is  rfitticnlt  to  determine. 
In  general  the  holts  clamp  the  coupling  tightly  on  the  shaft  and 
provide  rigidity,  but  the  key  does  the  princi]ial  amount  of  the 
driving.  The  holt  sizes,  in  these  couplings,  are  baaed  on  judgment 
and  relation  to  surrounding  parts,  rather  than  on  theorj'. 

PRACTICAL  nODIFICATION.  All  couplings  muat  be  made 
with  care  and  nicely   fittwd,  for  their  tendency,  otherwise,  is  to 


spring  the  shafts  out  of  line.  In  the  case  of  the  flange  coupling, 
the  two  halves  may  be  keyed  in  place  on  the  shafts,  the  latter  then 
swung  on  centers  in  the  lathe,  and  the  joint  faced  off.  Thus  the 
joint  will  be  true  to  the  asie  of  the  shaft;  and,  when  it  is  clamped 
in  position  by  the  bolts,  no  springing  out  of  line  can  take  place. 

A  flange  F  (see  Fig.  51)  is  sometimes  made  on  this  form  of 
coupling,  in  order  to  guard  the  bolts.  It  may  be  used,  also,  to  take 
alight  belt  for  driving  machinery;  but  a  side  load  is  thereby  thrown 
on  the  shaft  at  the  joint,  which  is  at  the  very  point  where  it  is  desir- 
able to  avoid  it. 

The  simplest  form  of  rigid  coupling  consists  of  a  plain  eleeve 
slipped  over  from  one  shaft  to  the  other,  when  the  second  ia  butted 
up  against  the  first.  This  is  known  as  a  muff  coupling.  When 
once  in  place,  this  is  a  very  excellent  coupling,  as  it  is  perfectly 
smooth  on  the  outside,  and  conaiats  of  the  fewest  possible  parts, 
merely   a  sleeve   and  a   key.     It  ia,    however,  expensive   to    fit, 
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difHcult  to  remove,  and  requires  an  extra  Bitace  of  half  its  length 
on  the  shaft  over  which  to  be  slipped  back. 

The  clamp  coupllnj^  is  a  good  coupling  for  luoderate-sized 
shafts,  where  the  flange  type  of  Fig.  61  would  be  unnecessarily 
expensive.  The  clamp  coupling,  Fig,  52,  is  simply  a  muff  coupling 
split  in  halves,  and  recessed  for  bolts.  It  is  cheap  and  is  easily 
applied  and  removed,  even  with  a  crowded  shaft.  If  bored  with  a 
piece  of  ])aper  in  the  joint,  when  it  is  clamped  in  position  it  will 
pinch  the  shaft  tightly  and  make  a  rigid  connection.  It  is  desir- 
able to  have  the  bolt. heads  ])rutected  as  much  as  possible,  and  this 
may  be  accomplished  by  making  the  outside  diameter  large  enough 
so  that  the  bolts  will  not  project.  Often  an  additional  shell  is 
provided  to  encase  the  coupling  completely  after  it  is  located. 


Fig.  53. 

There  are  many  other  special  forms  of  couplings,  aorao  of 
them  adjustable.  Most  of  them  depend  upon  a  wedging  action 
I  exerted  by  taper  cones,  screws,  or  keys.  Trade  catalogues  are  to 
be  sought  for  their  description. 

The  claw  coupling.  Fig.  53,  is  nothing  but  a  heavy  flange 
coupling  with  interlocking  claws  or  jaws  on  the  faces  of  the  flanges, 
to  take  the  place  of  the  driving  bolts.  This  coupling  can  be  thrown 
in  or  out  as  desired,  although  it  usually  performs  the  service  of  a 
rigid  coupling,  as  it  is  not  suited  toclutching-in  during  rapid  mo- 
tion, like  a  friction  clutch. 

Flexible  couplings,  which  allow  slight  lack  of  alignment,  are 
made  by  introducing  between  the  flanges  of  a  coupling  a  flexible 
disc,  the  one  flange  being  fastened  to  the  inner  circle  of  the  disc, 
the  other  to  the  outer  circle.  This  is  also  accomplished  by  pro- 
viding the  faces  of  the  flange  coupling  with  pins  that  drive  by 
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pressure  together  or  through  leather  straps  wrapped  round  the 
pins.  These  devices  are  mostly  of  a  special  and  often  uncertain 
nature,  lacking  the  positiveness  which  is  one  essential  feature 
of  a  good  coupling. 

PROBLEnS  ON  COUPLINQS. 

1.  A  flange  coupling  of  the  type  of  Fig.  51  is  used  on  a  shaft 
2  inches  in  diameter.  The  hub  is  3  inches  long,  and  carries  a 
standard  key,  of  proportions  indicated  below  in  the  table  of  "  Pro- 
portions for  Gib  Keys"  (  page  166).  The  bolt  circle  is  7  inches 
in  diameter,  and  it  is  desired  to  use  ^-inch  bolts.  How  many 
bolts  are  needed  to  transmit  60,000  inch-lbs.,  for  a  fiber  stress  in 
the  bolt  of  6,000  ? 

2.  Using  6  bolts,  what  diameter  of  bolt  would  be  required  ? 

3.  If  four  |-inch  bolts  were  used  on  a  circle  of  8  inches  di- 
ameter, what  diameter  of  shaft  would  be  used  in  the  coupling  to 
give  equal  strength  with  the  bolts  ? 

BOLTS,  STUDS,  NUTS,  AND  SCREWS. 

NOTATION— The  following  notation  la  used  throughout  the  chapter  on  Bolts,   Studs, 

Nuts,  and  Screws: 


d  = 
rf,  = 

H  = 
I  = 
k    = 

L  = 


Diameter  of  bolt  (Inches). 

Diameter  at  root  of  thread  (In- 
ches). 

Height  of  nut  (inches). 

Initial  axial  tension  (lbs.). 

Allowable  bearing  pressure  on  sur- 
face of  thread  (lbs.  per  sq.  in.). 

Lead,  or  distance  nut  advances 
along  axis  In  one  revolution 
(inches). 


/     =  Length  of  wrench  handle  (inches) 

»   =  Number  of  threads  In  nut- — . 

P 

P  =  Axial  load  (lbs.). 

p  =  Pitch  of  thread,  or  distance  be- 
tween similar  points  on  adjacent 
threads,  measured  parallel  to 
axis  (inches). 

S   =  Fiber  stress  (lbs.  per  sq.  In.). 

W  =  Load  on  bolt  (lbs.). 


r 


Fig.  54. 

ANALYSIS.  A  bolt  is  simply  a  cylindrical  bar  of  metal 
upset  at  one  end  to  form  a  head,  and  having  a  thread  at  the  other 
end,  Fig.  54.  A  stud  is  a  bolt  in  which  the  head  is  replaced  by 
a  thread;  or  it  is  a  cylindrical  bar  threaded  at  both  ends,  usually 
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having  a  small  plain  portion  in  the  middle,  Fig.  55.  The  ohject 
of  bolts  and  studs  is  to  clamp  machine  parts  together,  and  yet 
permit  these  same  parts  to  be  readily  disconnected.  The  bolt 
passes  through  the  pieces  to  be  connected,  and,  when  tightened, 
causes  surface  compression  between  the  parts,  while  the  reactions 
on  the  head  and  nnt  produce  tension  in  the  bolt.  Studs  and  tap 
bolts  pass  through  one  of  the  connected  parts  and  are  screwed 
into  the  other,  the  stud  remaining  in  position  when  the  parts  are 
diBcoDUficted. 

As  all  materials  are  elastic  within  certain  limits,  the  action  of 


a  bolt  in  clamping  two  machine  parts  t(^ther,  more  especially  if 
there  is  an  elastic  packing  between  them,  may  be  represented 
diagrammatically  by  Fig.  56,  in  which  a  spring  lias  been  introduced 
to  take  the  compression  due  to  screwing  up  the  nut.  Evidently 
the  tension  in  the  bolt  is  equal  to  the  force  necessary  to  compress 
the  spring.  Now,  suppose  that  two  weights,  each  equal  to  \  W, 
are  placed  symmetrically  on  either  side  of  the  bolt,  then  the  tension 
in  the  bolt  will  be  increased  by  the  added  weights  if  the  bolt  is 
perfectly  rigid.  The  bolt,  however,  stretches;  hence  some  of  the 
compression  on  the  spring  is  relieved  and  the  total  tension  in  the 
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bolt  ia  less  than  W  -|-  I,  by  an  amount  depending  on  the  relative 
elaeticity  of  the  bolt  and  spring. 

Suppose  that  the  stud  in  Fig.  55  ia  one  of  the  studs  connect- 
ing the  cover  to  the  cylinder  of  a  steam  engine,  and  that  the  studs 
have  a  small  initial  tension;  then  the  pressure  of  the  steam  loads 
each  stud,  and,  if  the  studs  stretch  enough  to  relieve  the  initial 
pressure  between  the  two  surfaces,  then  their  stress  ig  due  to  the 
steam  pressure  only;  or,  from  Fig.  56,  when  I  =  W  ;  the  initial 
pressure  due  to  the  elasticity  of  the  joint  is  entirely  relieved  by  the 
assumed  stretch  of  the  studs.  Except  to  prevent  leakage,  it  ii< 
seldom  necessary  to  consider  the  initial  tension,  for  the  stretch 
of  the  bolt  may  be  counted  on  to  relieve 
this  force,  and  the  working  tension  on  the 
bolt  is  simply  the  load  applied. 

For  shocks  or  blows,  as  in  the  case 
of  the  bolts  found  on  the  marine  type  of 
connecting-rod  end,  the  stretch  of  the 
bolts  acts  like  a  spring  to  reduce  the  re- 
sulting tensions.  So  important  is  this 
feature  that  the  body  of  the  bolt  ia  fre- 
quently turned  down  to  the  diameter  of 
the  bottom  of  the  thread,  thus  uniformly 
distributing  the  stretch  through  the  full 
length  of  the  bolt,  instead  of  localizing  it 
at  the  threaded  parts. 

In  tightening  up  a  bolt,  the  friction 
at  the  surface  of  the  thread  produces  a  twisting  moment,  which 
increases  the  stress  in  the  bolts,  just  as  in  the  case  of  shafting 
under  combined  tension  and  torsion;  but  the  increase  is  small  in 
amount,  and  may  readily  be  taken  care  of  by  permitting  low  values 
only  for  the  fiber  stress. 

In  a  flange  coupling,  bolts  are  acted  upon  by  forces  perpen- 
dicular to  the  axis,  and  hence  are  under  pure  shearing  stress.  If 
the  torque  on  the  shaft  becomes  too  great,  failure  will  occur  by 
the  Ijolts  shearing  off  at  the  joint  of  the  coupling. 

A  bolt  under  tension  communicates  its  load  to  the  nut  through 
the  locking  of  the  threads  together.  If  the  nut  is  thin,  and  the 
number  of  threads  to  take  the  load  few,  the  threads  mav  break  oi' 
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Ehear  oflE  at  the  root.  With  a  V  thread  there  is  produced  a  com- 
ponent force,  perpendicular  to  the  axis  of  the  bolt,  which  tends  to 
split  the  nut. 

In  screws  for  continuous  transmission  of  motion  and  power, 
the  thread  may  be  compared  to  a  rough  inclined  plane,  on  which  a 
small  block,  the  nut,  is  being  pushed  upward  by  a  force  parallel  to 
the  base  of  the  plane.  The  angle  at  the  bottom  of  the  plane  is  the 
angle  of  the  helix,  or  an  angle  whose  tangent  is  the  lead  divided 
by  the  circumference  of  the  screw.  The  horizontal  force  corre- 
sponds to  the  tangential  force  on  the  screw.  The  friction  at  the 
surface  of  the  thread  produces  a  twisting  moment  about  the  axis  of 
the  screw,  which,  combined  with  the  axial  load,  subjects  the  screw 
to  combined  tension  and  torsion.  Screws  with  square  threads  are 
generally  used  for  this  service,  the  sides  of  the  thread  exerting  no 
bursting  pressure  on  the  nut.  The  proportions  of  screw  thread 
for  transmission  of  power  depend  more  on  the  bearing  pressure 
than  on  strength.  If  the  bearing  surface  be  too  small  and  lubrica- 
tion poor,  the  screw  will  cut  and  wear  rapidly. 

THEORY.      A  direct  tensile  stress  is  induced  in  a  bolt  when 

it  carries  a  load  exerted  along  its  axis.     This  load  must  be  taken 

by  the  section  of  the  bolt  at  the  bottom  of  the  thread.     If  the  area 

ird ' 
at  the  root  of  the  thread  is  — -i-,  and  if  S  is  the  allowable  stress 

4 

per    square    inch,    then    the    internal    resistance   of   the    bolt    is 

g       7  2 

— — L.    Equating  the  external  load  to  the  internal  strength  we  have: 

W  =  -^.  (98) 

For  bolts  which  are  used  to  clamp  two  machine  parts  together 
so  that  they  will  not  separate  under  the  action  of  an  applied  load, 
the  initial  tension  of  the  bolt  must  be  at  least  equal  to  the  applied 
load.  If  the  applied  load  is  W,  then  the  parts  are  just  about  to 
separate  when  I  ==  W.  Therefore  the  above  relation  for  strength 
is  applicable.  As  the  initial  tension  to  prevent  separation  should 
be  a  little  greater  than  W,  a  value  of  S  should  be  chosen  so  that 
there  will  be  a  margin  of  safety.  For  ordinary  wrought  iron  and 
steel,  S  may  be  taken  at  6,000  to  8,000. 
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If,  however,  the  joints  must  be  BQch  that  there  is  no  leakage 
between  the  surfaces,  as  in  the  case  of  a  steam  cylinder  head,  and 
Bnpposing  that  elastic  packings  are  placed  in  the  joints,  then  a 
much  larger  margin  should  be  made,  for  the  maximum  load  which 
may  come  on  the  bolt  is  I  +  W,  where  W  is  the  proportional 
share  of  the  internal  pressure  carried  by  the  bolt.  In  such  cases 
S  =  3,000  to  5,000,  using  the  lower  value  for  bolts  of  less  than 
^-inch  diameter. 

The  table  given  on  page  154  will  be  found  very  useful  in  pro- 
portioning  bolts  with  U.  S.  standard  thread  for  any  desired  fiber 
stress. 

To  firiil  the  initial  tension  due  to  screwing  up  the  imt,  we 


Fig.  56a. 
may  assume  the  length  of  the  handle  of  an  ordinary  wrench,  meaa- 
ured  from  the  center  of  tha  bolt,  as  about  16  times  the  diameter 
of  the  bolt.  For  one  turn  of  the  wrench  a  force  F  at  the  handle 
would  pass  over  a  distance  2^/,  and  the  work  done  is  equal  to  the 
product  of  the  force  and  space,  or  F  X  Sir?.  At  the  same  time 
t)ie  axial  load  I*  woald  be  moved  a  distance  p  along  the  axie. 
Assuming  that  there  is  no  friction,  the  equation  for  the  equally 
of  the  work  at  the  handle  and  at  the  screw  is: 

F2ffZ  =  Pp.  (99) 

Friction,  however,  is  always  present;  hence  the  ratio  of  the  asefol 
work  (Pj>)  to  the  work  applied  {V2irl)  is  not  unit/  as  above  ns 
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latioDS  asBOme.  From  DUmeroas  experimentB  on  the  friction  of 
screws  and  nuts,  it  Las  been  fouod  that  the  efiGciency  may  be  as 
low  as  10  per  cent.  Introducing  the  efficiency  in  above  eqnation, 
it  may  be  written: 


Assuming   that    50   pounds   is   exerted   by   a    workman    in 


Pig.  58. 
tightening  up  the  nut  on  a  1-inch  bolt,  the  equation  above  showa 
that  P  =4,021   ponnds;  or  the    initial  tension  is  somewhat  leas 
than  the  tabular  safe  load  shown  for  a  1-inch  bolt,  with  8  assnmed 
at  10,000  pounds  per  sq.  inch. 

For  shearing  stresses  the  bolt  should  be  fittea  so  that  the  body 
of  the  bolt,  not  the  threads,  resists  the  force  tending  to  shear  off 
the  bolt  perpendicular  to  its  axis.  The  internal  strength  of  the 
bult  to  resist  shear  is  the  allowable  stress  8  times  the  area  of  tlie 


If  W  represents  the  external  force  tending 


bolt  in  shear,  or— 

to  shear  the  bolt  the  equality  of  the  external  force  to  the  internal 
strength  is  : 

W  =  i^.  (.o.) 
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Reference  to  the  table  on  page  154  for  the  shearing  strength  of 
bolts,  may  be  made  to  save  the  labor  of  calculations. 

Let  Fig.  58  represent  a  square  thread  screw  for  the  transmis- 
sion of  motion.     The  surface  on  which  the  axial  pressure  bears,  if 

n  is  the  number  of  threads  in  the  nut,  is  — -  (cP-  di) n.   Suppose 

that  a  pressure  of  k  pounds  per  square  inch  is  allowed  on  the 
surface  of  the  thread.  Then  the  greatest  permissible  axial  load  P 
must  not  exceed  the  allowable  pressure;  or,  equating, 

F  =  k^{d^^d,')n.  (I02) 

The  value  of  k  varies  with  the  service  required.  If  the  motion  be 
slow  and  the  lubrication  very  good,  k  may  be  as  high  as  900.  For 
rapid  motion  and  doubtful  lubrication,  k  may  not  be  over  200. 
Between  these  two  extremes  the  designer  must  use  his  judgment, 
remembering  that  the  higher  the  speed  the  lower  is  the  allowable 
bearing  pressure. 

PRACTICAL  MODIFICATION.  It  will  be  noted  in  the 
formulee  for  bolt  strengths  that  different  values  for  S  are  assumed. 
This  is  necessary  on  account  of  the  uncertain  initial  stresses  which 
are  produced  in  setting  up  the  nuts.  For  cases  of  mere  fastening, 
the  safe  tension  is  high,  as  just  before  the  joint  opens  the  tension 
is  about  equal  to  the  load  and  yet  the  fastening  is  secure.  On 
the  other  hand,  bolts  or  studs  fastening  joints  subjected  to  internal 
fluid  pressure  must  be  stressed  initially  to  a  greater  amount  than 
the  working  pressure  which  is  to  come  on  the  bolt.  As  this  initial 
stress  is  a  matter  of  judgment  on  the  part  of  the  workman,  the 
designer,  in  order  to  be  on  the  safe  side,  should  specify  not  less 
than  g-inch  or  |-inch  bolts  for  ordinary  work,  so  that  the  bolts 
may  not  be  broken  off  by  a  careless  workman  accidentally  putting 
a  greater  force  than  necessary  on  the  wrench  handle.  In  making 
a  steam-tight  joint,  the  spacing  of  the  bolts  will  generally  deter- 
mine their  number;  hence  we  often  find  an  excess  of  bolt  strength 
in  joints  of  this  character. 

Through  bolts  are  preferred  to  studs,  and  studs  to  tap  bolts 
or  cap  screws.  If  possible,  the  design  should  be  such  that  through 
bolts  may  be  used.     They  are  cheapest,  are  always  in  standard 
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stock,  and  well  resist  rough  usage  in  connecting  and  disconnecting. 
The  threads  in  cast  iron  are  weak  and  have  a  tendency  to  crumble; 
and  if  a  through  bolt  cannot  be  used  in  such  a  case,  a  stud,  which 
can  be  placed  in  position  once  for  all,  should  be  employed — not  a 
tap  bolt,  which  injures  the  thread  in  the  casting  every  time  it  is 
removed. 

The  plain  portion  of  a  stud  should  be  screwed  up  tight 
against  the  shoulder,  and  the  tapped  hole  should  be  deep  enough 
to  prevent  bottoming.  To  avoid  breaking  off  the  stud  at  the 
shoulder,  a  neck,  or  groove,  may  be  made  at  the  lower  end  of  the 
thread  entering  the  nut. 

To  withstand  shearing  forces  the  bolts  must  be  fitted  so  that 
no  lost  motion  may  occur,  otherwise  pure  shearing  will  not  be 
secured. 

Nuts  are  generally  made  hexagonal,  but  for  rough  work  are 
often  made  square.  The  hexagonal  nut  allows  the  wrench  to  turn 
through  a  smaller  angle  in  tightening  up,  and  is  preferred  to  the 
square  nut.  Experiments  and  calculations  show  that  the  height 
of  the  nut  with  standard  threads  may  be  about  ^  the  diameter  of 
the  bolt  and  still  have  the  shearing  strength  of  the  thread  equal  to 
the  tensile  strength  of  the  bolt  at  the  root  of  the  thread.  Practi- 
cally, however,  it  is  difficult  to  apply  such  a  thin  wrench  as  this 
proportion  would  call  for  on  ordinary  bolts.  Mofe  commonly  the 
height  of  the  nut  is  made  equal  to  the  diameter  of  the  bolt  so  that 
the  length  of  thread  will  guide  the  nut  on  the  bolt,  give  a  low 
bearing  pressure  on  the  threads,  and  enable  a  suitable  wrench  to 
be  easily  applied.  The  standard  proportions  for  bolts  and  nuts 
may  be  found  in  any  handbook.  Not  all  manufacturers  conform 
to  the  United  States  standard;  nor  do  manufacturers  in  all  cases 
conform  to  one  another  in  practice. 

If  the  bolt  is  subject  to  vibration,  the  nuts  have  a  tendency  to 
loosen.  A  common  method  of  preventing  this  is  to  use  double 
nuts,  or  lock  nuts»  as  they  are  called  (see  Fig.  55  A).  The  under 
nut  is  screwed  tightly  against  the  surface,  and  held  by  a  wrench 
while  the  second  nut  is  screwed  down  tightly  against  the  first. 
The  effect  is  to  cause  the  threads  of  the  upper  nut  to  bear  against 
the  under  sides  of  the  threads  of  the  bolt.  The  load  on  the  bolt  is 
sustained  therefore  by  the  upper  nut,  which  should  be  the  thicker 
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of  the  two  ;  but  for  convenience  in  applying  wrenches  the  position 
of  the  nuts  is  often  reversed. 

The  form  of  thread  adapted  to  transniitttDg  power  is  tlie 
square  thread,  which,  although  giving  less  bursting  pressure 
on  the  nut,  is  not  as  strong  as  the  V  thread  for  a  given  length, 
since  the  total  section  of  thread  at  the  bottom  is  only  ^  as  great. 
If  the  pressure  is  to  be  transmitted  in  but  one  direction,  the  two 


Fig.  59. 

types  may  be  combined  advantageously  to  form  the  buttress  thread 
of  the  proportions  shown  in  Fig.  59.  Often,  as  in  the  carriage  of 
a  lathe,  to  allow  the  split  nnt  to  be  opened  and  closed  over  the  lead 
screw,  the  sides  of  the  thread  are  placed  at  a  small  angle,  say  15", 
to  each  other,  as  illastrated  in  Fig.  60. 

The  practical  commercial  forms  in  which  we   Und  screwed 
fastenings  are  included  in  five  classes,  as  follows: 


Pig.  etx 

1.  Through  bolts  (Fig.  61),  usually  rough  stock,  with  square 
upset  heads,  and  square  or  hexagonal  nuts. 

2.  Tap  bolts  (Fig.  62),  also  called  cap  screws.  These  uso. 
ally  have  hexagonal  heads,  and  are  found  both  in  the  rough  form, 
and  finished  from  the  rolled  hexagonal  bar  in  the  screw  machine. 

3.  Studs  (Fig.  63),  rough  or  finished  stock,  threaded  in  the 
screw  machine. 

4.  5et  screws  (Fig.  64),  usually  with  eqnare  heads,  and 
case-hardened  points.     Many  varieties  of  set  screws  are  made,  the 
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principal  distinguishing  feature  of  each  being  in  the  shape  of  the 
point.  Thus,  in  addition  to  the  plain  beveled  point,  we  find 
the  "  cupped,"  rounded,  conical,  and  "  teat "  points. 


Pig.  61. 


Fig.  62. 


Fig.  63. 


5.  Machine  screws  (Fig.  64"))  usually  round,  "button," 
or  countersunk  head.  Common  proportions  are  indicated  relative 
to  diameter  of  body  of  screw. 


Fig.  M. 
PROBLErtS  ON  BOLTS,  STUDS,  NUTS,  AND  SCREWS. 

1.     Calculate    the   diameter  of   a   bolt   to  suatain  a  load  of 
6,000  lbs. 
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2.  The  shearing  force  to  be  reBieted  by  each  of  the  bolte  of  a 
flange  coupling  is  1,200  lbs.  What  commercial  size  of  bolt  is 
reqaired  ? 

3.  With  a  wrench  16  times  the  diameter  of  the  bolt,  and  an 
efficiency  of  10  per  cent,  what  axial  load  can  a  man  exert  on  a 
standard  |-inch  bolt,  it  he  ptills  40  lbs.  at  the  end  of  the  wrench 
handle  ? 

4.  A  single,  sqnare-threaded  screw  of  diameter  3  inches, 
lead  ^  inch,  depth  of  thread  |  inch,  length  of  nut  3  inches,  is  to 
be  allowed  a  baring  preasiire  of  300  Ibe.  per  square  inch.  What 
axial  load  can  be  carried  ? 

5.  Calculate  the  shearing  stress  at  the  root  of  the  thread  in 
problem  4. 


KEYS,  PINS,  AND  COTTERS. 

NOTATION— The  roUowlDit  nolaUon  1b  used  Hm)U|[hout  the  chapter  on  K 


O  =  Average dlameleror rod  (Inches). 

Di  =  Outside  diameter  of    socket  (la- 
ches). 

rf   =  DIameier  of  shaft  (Inches). 

L  =  Length  of  key  (Inches).. 

P  =  Driving  force  (lbs.). 

Pi  =  Axial  load  on  rod  (Iba.). 

R  =  Radlusalwliich  P  acts  (Inches). 

Sc  s  Sate  crusbtng  Dber  stress  (lbs. 
per  BQ.  In.). 


=  Safe  Bbeaiing  fiber;  streBB3{lb8.'  : 

=Safe  lenslle  flber  stress  (lbs.  per^ 

sq.  IQ.). 
=  Thickness  of  key  (Inches). 
-  Width  of  key  (Inches). 
=  Average  width  of  colter  (Inches). 
:hes). 


It  rod  (I 
a  end  of  socket  (li 


KEYS  AND  PINS. 

ANALYSIS.     Keys   and   pins  are   used  to  present   relative 
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rotary  motion  between  machine  parts  intended  to  act  together  as 
one  piece.  If  we  drill  completely  through  a  hub  and  across  the 
shaft,  and  insert  a  tightly  fitted  pin,  any  rotary  motion  of  the  one 
will  be  transmitted  to  the  other,  provided  the  pin  does  not  fail  by 
shearing  off  at  the  joint  between  the  shaft  and  the  hub.  The 
shearing  area  is  the  sum  of  the  cross -sections  of  the  pin  at  the 
joint. 

We  may  drill  a  hole  in  the  joint,  the  axis  of  the  hole  being 
parallel  to  the  axis  of  the  shaft,  and  drive  in  a  pin,  in  which  case 
we  introduce  a  shearing  area  as  before,  but  the  area  is  now  equal 
to  the  diameter  of  the  pin  multiplied  by  its  length,  and  the  pin  is 
stressed  sidewise,  instead  of  across.  It  is  evident  in  the  sidewise 
case  that  we  may  increase  the  shearing  area  to  anything  we  please, 
without  changing  the  diameter  of  the  pin,  merely  by  increasing 
the  length  of  the  pin. 

As  there  are  some  manufacturing  reasons  why  a  round  pin 
placed  lengthwise  in  the  joint  is  not  always  applicable,  we  may 
make  the  pin  a  rectangular  one,  in  which  case  it  is  called  a  key. 

When  pins  are  driven  across  the  shaft  as  in  the  first  instance, 
they  are  usually  made  taper.  This  is  because  it  is  easier  to  ream 
a  taper  hole  to  size  than  a  str^ght  hole,  and  a  taper  pin  will  drive 
more  easily  than  a  straight  pin,  it  not  being  necessary  to  match  the 
hole  in  hub  and  shaft  so  exactly  in  order  that  the  pin  may  enter. 
The  taper  pin  will  draw  the  holes  into  line  as  it  is  driven,  and  can 
be  backed  out  readily  in  removal. 

Keys  of  the  rectangular  form  are  either  straight  or  tapered, 
but  for  different  reasons  from  those  just  stated  for  pins.  Straight 
keys  have  working  bearing  only  at  the  sides,  driving  purely  by 
shear,  crushing  being  exerted  by  the  side  of  the  key  in  both  shaft 
and  hub,  over  the  area  against  the  key.  The  key  itself  does  not 
prevent  end  motion  along  the  shaft;  and  if  end  motion  is  not 
desired,  auxiliary  means  of  some  sort  must  be  resorted  to,  as,  for 
example,  set  screws  through  the  hub  jamming  hard  against  the  top 
of  the  key. 

If  end  motion  along  the  shaft  is  desired,  the  key  is  called  a 
spline,  and,  while  not  jammed  against  the  shaft,  is  yet  prevented 
from  changing  its  relation  to  the  hub  by  some  means  such  as 
illustrated  in  Fig.  G5. 
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Taper  keys  not  only  drive  through  sidewise  shearing  strength, 
but  prevent  endwise  motion  by  the  wedging  action  exerted  between 
the  shaft  and  hnb.  These  keys  drive  more  like  a  strut  from  corner  to 
corner;  but  this  action  is  incidental  rather  than  intentional,  and  the 
proportions  of  a  taper  key  should  be  such  that  it  will  give  its  full 
resisting  area  in  shearing  and  crushing,  the  same  as  a  straight  key. 


Fig.  65. 

THEORY.  Suppose  that  the  pin  illustrated  in  Fig.  66  passes 
through  hub  and  shaft,  and  the  driving  force  P  acts  at  the  radius 
R;  then  the  force  which  is  exerted  at  the  surface  of  the  shaft  to 

^    ,       .  1^         .         A        .   r.  .      2  PR      ,,  ^   .     , 

shear  off  the  pm  at  the  points  A  and  B  is  — -^ — .    If  D^  is  the 


average  diameter  of  the  pin,  its  shearing  strength  is 


27rDi»S. 


Equating  the  external  force  to  the  internal  strength,  we  have  : 

2PR       2^Dj«  S. 


or. 


D|  =  >| 


4PR 

TrrfS, 


(»03) 


In  Fig.  67  a  rectangular  key  is  sunk  half  way  in  hub  and 
shaft  according  to  usual  practice.     Here  the  force  at  the  sur&ce 
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of  the  shaft,  calcnUted  the  same  aa  before,  not  ooly  teada  to  shear 
off  the  key  along  the  line  AB,  bat  tends  to  crash  both  the  por- 
tion in  the  shaft  and  in  thohab.     The  ahearing  strength  along  the 


Kit.  68. 


line  AB  is  LWS,.     Equating  external  force  to  internal  strength, 
we  have; 

2PE_ 
d 

2PK 


;=LWS,i 


W  = 


d\&. 


(104) 


The  crashing  strength  is,  of  conrae,  that  doe  to-the  weaker 
metal,  whether  in  shaft  or  hnb.     Let  S„  be  this  least  safe  crashing 

fiber  stress.     The  crashing  strength  then  is  -^  8g,  and,  eqosting 

external  force  to  internal  ativngth,  we  hare: 


SPR 

d    " 


I-T„ 


or. 


T  = 


4FB 
"3IS~' 


(■OS) 


The  proportioua  of  the  key  must  be  sacb  that  the  eqiutions  as 
above,  both  for  ehearing  aad  for  cmshing,  shall  be  Batiafied. 

PRACTICAL  MODIFICATION.  Pina  acn»8  the  shaft  can  be 
used  to  drive  light  work  only,  for  the  aheariog  area  canoot  be  rery 
large.  A  large  pia  cats  away  too  much  area  of  the  shaft,  decreae- 
ingthelatter'sBtreDgth,  PiDsarensefat  id  preventing  end  motioQ, 
bat  in  thia  case  are  expected  to  take  do  shear,  and  may  be  of  small 
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diameter.  The  common  split  pin  is  especially  adapted  to  this 
service,  and  is  a  standard  commercial  article. 

Taper  pins  are  usually  listed  according  to  the  Morse  standard 
taper,  proportions  of  which  may  be  found  in  any  handbook.  It 
is  desirable  to  use  standard  taper  pins  in  machine  construction,  as 
the  reamers  are  a  commercial  article  of  accepted  value,  and  rjadily 
obtainable  in  the  machine-tool  market. 

With  properly  fitted  keys,  the  shearing  strength  is  usually 
the  controlling  element.  For  shafts  of  ordinary  size,  the  standarl 
proportions  as  given  in  tables  like  that  below  are  safe  enough 
without  calculation,  up  to  the  limit  of  torsional  strength  of  the 
shaft.  For  special  cases  of  short  hubs  or  heavy  loads,  a  calcula- 
tion is  needed  to  check  the  size,  and  perhaps  modify  it. 

Splines,   also   known   as    "  feather   keys,"  require  thickness 
greater  than  regular  keys,  on  account  of  the 
sliding  at  the  sides.     A  table  suggesting 
proportions  for  splines  is  given  on  page  166. 

Though  the  spline  may  be  either  in  the 
shaft  or  hub,  it  is  the  more  usual  thing  to 
find  the  spline  dovetailed  (Fig.  67(7), 
"gibbed,"  or  otherwise  fastened  in  the 
hub;  and  a  long  spline  way  made  in  the 
shaft,  in  which  it  slides. 

The  straight  key,  accurately  fitted,  is  Fig.  67a. 

the  most  desirable  fastenincr  device  for  ac- 

curate  machines,  such  as  machine  tools,  on  account  of  the  fact  that 
there  is  absolutely  no  radial  force  exerted  to  throw  the  parts  out  of 
true.  It,  however,  requires  a  tight  fit  of  hub  to  shaft,  as  the  key 
cannot  be  relied  upon  to  take  up  any  looseness. 

The  taper  key  (Fig.  68),  by  its  wedging  action,  will  take  up 
some  looseness,  but  in  so  doing  throws  the  parts  out  slightly. 
Or,  even  if  the  bored  fit  be  good,  if  the  taper  key  be  not  driven 
home  with  care,  it  will  spring  the  hub,  and  make  the  parts  run 
untrue.  The  great  advantage,  however,  that  the  taper  key  has  of 
holding  the  hub  from  endwise  motion,  renders  it  a  very  useful 
and  practical  article.  It  is  usually  provided  with  a  head,  or  ^<  gib," 
whidi  nenmta  a  draw  hook  to  be  used  to  wedge  between  the  face 

>e  \asj  to  facilitate  starting  the  key  from  its  seat. 
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Tw<i  kvya  at  HO'  from  each  other  may  be  used  in  cases  where 
one  key  will  not  siiftit'e.  The  fine  workmanship  involved  iq 
spacing  these  keys  so  that  they  will  drive  equally  makes  this  plan 
inadvisable  except  in  case  of  positive  and  unavoidable  neueasity. 

The  "  Woodrnff "  key  (Fig.  69)  is  a  useful  patented  article 
for  certain  locations.     This  key  is  a  half-disc,  sunk  in  the  shaft 


H"       ,TAPER   4      PER  FT. 


H 


FiK.  6 


and  the  hub  is  slipped  over  it.  A  simple  rotary  cutter  is  dropped 
into  the  shaft  to  produce  the  key  seat;  and  on  account  of  the 
depth  in  the  shaft,  the  tendency  to  rock  sidewise  is  eliminated, 
and  the  drive  is  pnrely  liy  shear. 

Keys  may  be  milled  out  of  solid  stuck,  or  drop-forged  to 
within  a  small  fraction  of  finished  size.  The  drop-forged  key  is 
an   excellent    modern    production  and  reqniree    but  a  minimum 


Fig.  69. 


amount  of  fitting.  Any  key.  no  matter  how  produced,  requires 
some  hand  fitting  and  draw  filing  to  bring  it  properly  to  its  seat 
and  give  it  full  bearing. 

It  is  good  mechanicnl  policy  to  avoid  keyed  fastenings 
whenever  possible.  This  does  not  mean  that  keys  may  never  be 
used,  but  that  a  key  is  not  an  ideal  way  to  produce  an  absolutely 
positive  drive,  partly  bei'ause  it  is  an  expensive  device,  and  partly 
because  the  tendency  of  any  key  is  to  work  itself  loose,  even  if 
carefully  fitted. 

The  following  tables  are  suggested  as  a  guide  to  proportions 
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of  gib  keys  and  feather  keys,  and  will  be  found  aaefal  in  the 
absence  of  any  manafactnrer's  standard  list: 

Diameter  of  shaft  (d),  inches. 
Width                   (W),  inches. 
Thiclmess               (T).  inches. 

i 

t'. 
4 

1 

t 

i 
a 

2 

t'. 

2* 

a 

3i     1 

5 

lA 

1 

6* 
1» 

Fig.n.     PRWWRTIONS  FOR  FEATHER  KBVS. 

I>iameter  of  Shaft   (d),incbe8, 
Width                   (W),  inches. 
Thicknesa              (T),  inches. 

} 

A 
i 

1 

i 
1 

H 
i 

s 

2 

A 

2i  24 

1     1 
J     J 

3 
i 

t". 
I 

4 

A 
1 

s 

3 

COTTERS. 

ANALYSIS.  Cotters  are  used  to  faBten  bubs  to  rods  rather 
than  sbafta,  tbe  distinction  between  a  rod  and  a  ebaft  being  that 
a  rod  takes  its  load  in  the  direction  of  its  length,  and  does  not 
drive  by  rotation.  A  cotter,  therefore,  is  nothing  bat  a  cross-pin 
of  modified  form,  to  take  shearing  and  crushing  stress  in  the 
direction  of  tbe  axis  of  the  rod,  instead  of  perpendicular  to  it. 

Referring  to  Fig.  72,  one  will  see  that  the  cotter  is  made 
long  and  thin — long,  in  order  to  get  sufficient  shearing  area  to  resist 
shearing  along  lines  A  and  B;  thin,  in  order  to  cut  as  little  cross- 
sectional  area  out  of  the  body  of  the  shaft  as  possible.  The  cotter 
itself  tends  to  shear  along  the  linos  A  and  B,  and  crush  along  tbe 
surfaces  K,  G,  and  J.  The  socket  tends  to  crush  along  the  surfaces 
K  and  Q.  The  rod  end  D  tends  to  be  sheared  out  along  the  lines 
C  H  and  Q  E,  and  also  to  be  crushed  along  tbe  surface  J.  Tbe 
socket  tends  to  be  sheared  along  the  lines  Y  U  and  X  Y. 

The  cotter  is  made  taper  on  one  side,  thus  enabling  it  to  draw 
Dp  the  flange  of  the  rod  tightly  against  the  head  of  the  socket. 
Tiis  taper  must  not  be  great  enough  to  permit  easy  "  backing  out " 
and  loosening  of  the  cotter  nnder  load  or  vibration  in  the  rod.  In 
responsible  situations  this  cannot  be  safely  guarded  against  except 
through  some  auxiliary  locking  device,  snch  as  lock  nuts  on  the 
end  of  the  cotter  {Fig.  73). 

THEORY.  Referring  to  Fig.  72,  assnme  an  axial  load  of  P„ 
as  shown.     The  saccessive  equations  of  external  force  to  internal 
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Btrength  are  eoumerated  below,  for  the  different  actions  that  take 
place: 

For  sheariug  .along   lines  A  and  B,  w   being   the    average 
.  width  of  cotter,  and  8,  safe  shearing  stress  of  cotter, 


P,  =  2Tw)S,. 


(io6) 


For  crushing  along  surfaces  K  and  G,  S^  l>eiiig  least  safe 
crashing  stress,  whether  of  cotter  or  socket. 


P,  =  T(I),-D)S,. 


(107) 


For  crushing  along  surface  J,  S,  being  least  safe  crushing 
strees,  whether  of  cotter  or  socket. 


P,  =  DTSe. 


(io8) 
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Eor  ehearing  along  surfaces  CH  and  QE,  S,  being  eafe  shear- 
ing stress  of  rod  end,  and  w,  end  of  slot  to  end  of  rod, 

Pi  =  2w,DS,.  •  (109) 

For  tension  in  rod  end  at  section  across  slot,  S,  being  safe 
tensile  stress  in  rod  end, 


p.=(^'- 


For  tension 
sile  stress  in  socket. 


Pi= 


TD)St.  (no) 

socket  at  section  across  slot,  H,  being  safe  ten< 
ttB' 


^i^-- 


-T(U,--D)]S,.        (Ill) 


For  shearing  in  socket  along  the  lines  VU  and  XY,  S,  being 
safe  shearing  stress  in  the  socket,  and  w,  end  of  slot  to  end  of 
socket, 

P,  =  2«,,CD,-D)S..  (112) 

The  proportions  of  cotter  and  socket  may  be  ^xed  to  some 
extent  by  practical  or  as 
sumed  conditions.  The  di- 
mensions may  then  be  tested 
by  the  abore  equations,  that 
the  safe  working  stresses  may 
not  be  exceeded,  the  dimen- 
sions being  then  modified  ac- 
cordingly. 

The  steel  of  which  both 
cotter  and  rod  would  ordina- 
rily be  made  has  range  of 
working  fiber  stress  as 
follows  : 
Tension,  8,000  to  12,000  (lbs.  pet 

BQ.  iD.) 

CompresBJon,  10,000  to  16,000  (lbs. 

per  sq.  in.) 
Shear,  6,000  to  10,000  (lbs.  per 

sq.  in.) 


Fig.  7a' 


The  socket,    if  made   of 


cast  iron,  will  be  weak  aa  ngtrds  tension,  tendency  to  shear  out  at 
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ihe  end,  and  tendency  to  split.  The  uncertainty  of  cast  iron  to 
resist  these  is  so  great  that  the  hub  or  socket  must  be  very  clumsy 
in  order  to  have  enough  surplus  strength.  This  is  always  a  notice- 
able feature  of  the  cotter  type  of  faBtening,  and  cannot  well  be 
avoided. 

PRACTICAL  MODIFICATION.  The  driving  faces  of  the  cot- 
ter are  often  njade  semicircular.  This  not  only  gives  more  shear- 
ing area  at  the  sides  of  the  slots,  but  makes  the  production  of  the 
slots  easier  in  the  shop.  It  also  avoids  the  general  objection  Co 
sharp  corners — namely,  a  tendency  to  start  cracks. 

A  practicable  taper  for 
cotters  is  i  inch  per  foot. 
This  will  under  ordinary 
circtiiu  stances  prevent  the 
cotter  from  backing  out 
under  the  action  of  the  load. 
When  set  screws  agilill^! 
the  side  of  the  cotter,  '>i- 
lock  nuts  are  used,  as  in 
Fig.  73,  the  taper  may  be 
greater  than  this,  perhaps 
as  much  as  IJ  inches  per 
foot. 

In  the  common  use  of 
the  cotter  for  holding  the 
strap  at  the  ends  of  con- 
necting rods,  the  strap  acta  like  a  modified  form  of  socket.     This  is 
shown  in  Figs.  73  and  74,     Here,  in  addition  to  holding  the  strap 
and  rod  together  lengthwise,  it  may  be  necessary  to  prevent   their 
spreading,  and  for  this  purpose  an  auxiliary  piece  G  with  gib  ends 
is  used.     The  tendency  without  this  extra  piece  ifl  shown  by  the 
dotted  lines  in  Fig.  74. 

The  general  mechanical  fault  with  cottered  joints  is  that  the 
action  of  the  load,  especially  when  it  constantly  reverses,  as  in 
pnmp  piston  rods,  always  tends  to  work  the  cotter  loose.  Vibra- 
tion also  tends  to  produce  the  same  effect-  Once  this  looseness  is 
started  in  the  joint,  the  cotter  loses  its  pure  crushing  and  shearing 
action,  and  begins  to  partake  of  the  nature   of  a   hammer,  and 


Pig.  71. 
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poaods  itself  and  its  bearing  Bnrfacee  out  of  their  true  shape. 
Instead  of  a  collar  on  the  rod,  we  often  find  a  taper  fit  of  the  rod 
in  the  socket;  and  any  looeeness  in  this  case  is  still  worse,  for  the 
rod  then  has  end  play  in  the  socket,  and  by  ita  "  shucking  "  back 
and  forth  tends  to  split  open  the  socket. 

The  only  answer  to  these  objections  is  to  provide  a  positive 
locking  device,  and  take  up  any  looseness  the  instant  it  appears. 
PROBLEMS  ON  KEYS,  PINS,  AND  COTTERS. 

1.  Calculate  the  safe  load  in  shear  which  can  be  carried  on  a  key 
^  inch  wide,  §  inch  thick,  and  5  inches  long.     Assume  S,  =  6,000. 

2.  Assuming  the  above  key  to  be  -^  inch  in  hub  aod^  inch 
in  shaft,  test  its  proportions  for  crushing,  at  S„  =  16,000. 

3.  A  gear  CO  inches  in  diameter  has  a  load  of  3,000  lbs.  at 
the  pitch  line.  The  shaft  is  4  inches  in  diameter,  in  a  hub, 
5  inches  long;  and  the  key  is  a  standard  gib  key  as  given  in  the 
table.     Test  its  proportions  for  shearing. 

4.  A  piston  rod  2  inches  in  diameter  carries  a  cotter  |  inch 
thick,  and  has  an  axial  load  of  20,000  lbs.  Calculate  the  average 
width  of  the  cotter.     S,  =  9,000. 

5.  Calculate  fiber  stress  in  rod  in  preceding  problem  at 
section  through  slot. 

6.  How  far  from  the  end  of  rod  must  the  end  of  slot  be  1 

7.  Calculate  the  crushing  fiber  stresses  on  cotter,  rod,  and 
socket. 

8.  How  far  from  the  end  of  socket  must  the  end  of  slot  be, 
assuming  the  socket  to  be  of  steel  ? 

BEARINGS,  BRACKETS,  AND  STANDS. 

Is  oaeC  throUKliout  tbe  cbaptera  oa  Betirliisa 

N  =Number  ot  revoluttona  per  mlDuto. 
H  =  Number  olbolU  Id  cup. 
ni  =  Number  ot  bolts  In  bracket  base. 
P  =  ToUl  preaaore  on  bearing  (Ibn.) . 
T      p  =  PwMure  per  aqaora  Inch  ot  pro- 
leoMduwatn)- 
S  =SiitPlPnhileObor  stress  (Iba,). 
S  =    ■'     sbpartDg  (Iba.). 

),      T'='Tiit«lli>iu1onbi>luat  topot 
bnvKM  (Ibc.}. 

H  bracket  buu>  (lDcbes>. 
lltOf  Dt  action  of  loaO 
BOf  ImeketClncbeB). 


::  Width  ot  brikcket  baa 

=  DIstanceol  neutral  HI 

fiber  (Incbes). 


i/i=  Dlaiiieterat 
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ANALYSIS.     Machine  surfaces  taking  weight  and  presBure 

of  other  parts  in  motion  upon  them  are,  in  general,  known  as 
bearings.  If  the  motion  is  rectilinear,  the  bearing  is  termed  a 
slide,  guide,  or  way,  euch  as  the  cross  slide  of  a  latbe,  the  cross- 
head  guide  of  a  steam  engine,  or  the  ways  of  a  lathe  bed. 

If  the  motion  is  a  rotary  one,  like  that  of  the  spindle  of  a  lathe, 
the  simple  word  "  bearing  "  is  generally  used. 

In  any  bearing,  sliding  or  rotary,  there  must  be  strength  to 
carry  the  load,  stiffness  to  distribute  the  pressure  evenly  over  the 
full  bearing  surface,  low  intensity  of  such  pressure  to  prevent  the 
lubricant  from  being  squeezed  out  and  to  minimize  the  vear,  and 
sufficient  radiating  surface  to  carry  away  the  heat  generated  by 
friction  of  the  surfaces  as  fast  as  it  ie  generated.  Sliding  bearings 
are  of  such  varied  nature,  and  exist  under  conditions  so  peculiar 
to  each  case,  that  a  general  analysis  is  practically  impossible 
beyond  that  given  in  the  sentence  above. 

Rotary  bearings  can  be  more  definitely  studied,  aa  there  are 
but  two  variable  dimensions,  diameter  and  length,  and  it  is  the 
proper  relation  between  these  two  that  determines  a  good  bearing. 
The  size  of  the  shaft,  as  noted  under  "Shafts,"  is  calculated  by 
taking  the  bending  moment  at  the  center  of  the  bearing,  combin- 
ing it  vitb  the  twisting  moment,  and  solving  for  the  diameter 
cousistent  with  the  assumed  tiber  stress.  But  this  size  must  then 
be  tried  for  deflection  due  to  the  bending  load,  in  order  that  the 
reqairement  for  stiffness  may  be  fulfllled.  When  this  is  accom- 
plished, the  friction  at  the  bearing  surface  may  still  generate  bo 
much  beat  that  the  exposed  surface  of  the  bearing  will  not  radiate 
it  as  fast  as  generated,  in  which  case  the  l>earing  gets  hotter  and 
hotter,  until  it  finally  burns  out  the  lubricant  and  melts  the  lining 
of  the  bearing,  and  ruin  results. 

The  heat  condition  is  usually  the  critical  one,  aa  it  is  very 
easy  to  make  a  short  bearing  which  is  strong  enough  and  amply 
6tifl  for  the  load  it  carries,  but  which  nevertheless  is  a  failnra  as 
a  bearing,  because  it  has  so  small  a  radiating  surface  that  it  can- 
not run  cool. 

The  side  load  which  causes  the  friction  and  the  consequent 
development  of  heat,  is  due  to  the  pull  of  the  belt  in  the  case  of 
pulleys,  the  load  on  the  teeth  of  gears,  the  pull  on   cranks  and 
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levers,  the  weight  of  parts,  etc.  If  we  conld  exert  pare  torsion  on 
shafts  withoat  any  side  preasiire,  and  counteract  all  the  weight 
that  (-■onies  on  the  shaft,  we  should  not  have  any  trouble  with  the 
development  of  heat  in  bearings;  in  fact,  there  would  theoretically 
be  no  need  of  hearings,  aa  the  shafts  would  naturally  spin  about 
their  asea,  and  would  not  need  support. 

It  can  be  shown,  theoretically,  that  the  radiating  surface  of  a 
bearing  increases  relatively  to  the  heat  generated  by  a  given  side 
load,  iinhj  when  the  Icutjth  ofthehearhig  is  ii)crcc»eiif.  In  other 
words,  increasing  the  diameter  and  not  the  length,  theoretically 
increases  the  heat  generated  per  unit  of  time  just  as  much  as  it 
increases  the  radiating  surface;  hence  nothing  is  gained,  and  heat 
accumulates  in  the  hearing  as  before.  This  iiu[x>rtant  fact  is  veri- 
fied by  the  design  of  high-speed  bearings,  whi:.'h,  it  is  always 
noted,  are  very  long  in  proportion  to  their  diameter,  thus  giving 
relatively  high  radiating  power. 

Bearinirs  must  be  rigidly  fastened  to  the  body  of  the  machine 
in  some  way,  and  the  immediate  support  ia  termed  a  bracket, 
frame,  or  housing.  "Bracket  "is  a  very  general  term,  and  ap- 
plies to  the  supports  of  other  machine  parts  besides  "bearings." 
It  is  especially  apjilicable  to  the  more  familiar  types  of  bearing 
supports,  and  ia  here  introduced  to  make  the  analysis  complete. 

The  bracket  must  be  strong  enough  as  a  beam  to  take  the 
aide  load,  the  Ijcndiug  moment  being  figured  at  such  points  as  are 
necessary  to  determine  its  outline.  It  may  be  of  solid,  box,  or 
ribbed  form,  the  latter  being  the  most  economical  of  material,  and 
uenally  permitting  the  simplest  pattern.  The  fastening  of  the 
bracket  to  the  main  body  of  the  machine  must  be  broad  to  give 
stability;  the  bolts  act  partly  in  shear  to  keep  the  bracket  from 
sliding  along  its  base,  and  partly  in  tension  to  resist  its  tendency 
to  rotate  about  some  one  of  its  edges,  due  to  the  side  pull  of  the 
belt,  gear  tooth,  or  lever  load,  as  the  case  may  be.  The  weight  of 
the  bracket  itself  and  of  the  parts  it  sustains  tbro 
has  likewise  to  be  considered;  and  this  i 
the  working  load  on  the  bearing, 
magnitude  of  the  resultant  load  ( 

Stands  are  forms  of  1 
analysis.     The  distinctioa  i 
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we  usually  think  more  readily  of  a  stand  as  having  an  upright  or 
inverted  position  with  reference  to  the  ground.  The  ordinary 
"  hanger  "  is  a  good  example  of  an  inverted  stand;  and  the  regular 
"  floor  stand,"  found  on  jack  shafts  in  some  power  houses,  is  an 
example  of  the  general  class. 

THEORY.  As  the  method  of  calculation  of  the  diameter  of 
the  shaft,  as  well  as  its  deflection,  has  been  considered  under 
"  Shafts,"  we  may  assume  that  the  theoretical  study  of  bearings 
starts  on  a  given  basis  of  shaft  diameter  1).  The  main  problem 
then  being  one  of  heat  control,  let  us  first  calculate  the  amount  of 
heat  developed  in  a  bearing  by  a  given  side  load.  The  force  of 
friction  acts  at  the  circumference  of  the  shaft,  and  is  equal  to  the 
coeflicient  of  friction  times  the  normal  force;  or,  for  a  given  side  load 
P,  Fig.  75,  the  force  of  friction 


would  be  /xP.     The  peripheral 
speed  of  the  shaft  for  N  revolu- 

tions  per  mmute  is  — ^-^j-     feet 

JL  Mrf 

per  minute.     As  work  is  '*  force 
times  distance,"  the  work  wasted 


in  friction  is  then 


/iPttDN 
12 


foot- 


pounds  per  minute.  One  horse- 
power being  equal  to  33,000  foot- 
pounds per  minute,  we  have  the 
equation, 


Fig.  75. 


H  = 


/jPttDN 
12  X  33,000 


("3) 


The  value  of  ji  for  ordinary,  well-lubricated  bearings,  may  run  as 
low  as  5  per  cent;  but  as  the  lubrication  is  often  impaired,  it 
quite  commonly  rises  to  10  or  12  per  cent.  A  value  of  8  per  cent 
is  a  fair  average.  This  amount  of  horse-power  is  dissipated 
,  through  the  bearing  in  the  form  of  heat.  If  we  could  exactly 
determine  the  ability  that  each  particle  of  the  metal  around  the 
shaft  had  to  transmit  the  heat,  or  to  pass  it  along  to  the  outside 
of  the  casting,  and  if  we  could  then  determine  the  ability  of  the 
irticles  of  air  surrounding  the  casting  to  receive  and  carry  away 
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this  heat,  we  could  calculate  just  such  proportions  of  the  bearing 
and  its  casing  as  would  never  choke  or  retard  this  free  transfer  of 
heat  away  from  the  running  surface. 

Buch  refined  theory  is  not  practical,  owing  to  the  complicated 
ahapes  and  conditions  surrounding  the  bearing.  The  best  that  we 
can  do  is  to  say  that  for  the  usual  proportions  of  bearings  the  side 
load  may  exist  up  to  a  certain  intensity  of  "  pressure  per  square 
inch  of  projected  area  "  of  bearing,  or,  in  form  of  an  equation, 

P=^LD.  (114) 

The  constant^  is  of  a  variable  nature,  depending  on  lubrication, 
speed,  air  contact,  and  other  special  conditions.  For  ordinary 
l)eAriiigs  having  continuous  pressure  in  one  direction,  and  only 
Bur  lubrication,  400  to  500  is  an  average  value.  When  the  pres- 
ame  changes  direction  at  every  half- revolution,  the  lubricant  has 
abetter  chance  to  work  fully  over  the  bearing  surface,  and  a 
jjosfinT  value  is  permissible,  say,  500  to  800.  In  locations  where 
QUice  tx^oillation  takes  place,  not  continuous  rotation,  and  reversal 
at  pnsseii'^  occurs,  as  on  the  cross-head  pin  of  a  steam  engine,  p 
Qi0f^  run  *^  ^'g^  ^^  ^^^  ^o  1,200.  On  the  crank  pins  of  locomo- 
o;^^  vSiEch  have  the  reversal  of  pressure,  and  the  benefit  of  high 
v«luticv  through  the  air  to  facilitate  cooling,  the  pressures  may  run 
diiiBuf'^  5L"-A:h.  On  the  eccentric  crank  pins  of  punching  and  shear- 
usc  'Ui**-'-'^'*'*'  where  the  j)re8sure  acts  only  for  a  brief  instant  and 
M  :»i»'*''"*^^  ^^*-*  pressure  ranges  still  higher  without  any  dangerous 
!N(A&tns;;  w::on. 

^\ '!cr,  *  Ivaring,  for  practical  reasons,  is  provided  with  a  cap 
i^  It  7i:«vV  by  bolts  or  studs,  the  t/ieort/  of  the  cap  and  bolts  is 
•i  i'.aio  r»;v^rtance,  unless  the  load  comes  directly  against  the  cap 
4^  ,vit>.  Kxvvpt  in  the  latter  case,  the  proportions  of  the  cap  and 
'M  >*«'  *•''  ^^^^  bolts  are  dependent  upon  general  appearance 
jyj^iuiiiiVv  ic  being  manifestly  desirable  to  provide  a  substantial 
j^Hf^oi^  ovtfoi  tliough  some  excess  of  strength  is  thereby  introduced. 

t>>W  (ih^  worst  case  of  loading,  however,  which  is  when  the 

M^  upon  by  the  direct  load,  such  as  P  in  Fig.  76,  we  have 

m  of  a  centrally  loaded  beam  supported  at  the  bolts. 

%  that  the  beam  is  partially  fixed  at  the  ends  by  the 

Wnut;  also  that  the  load  P,  instead  of  being  con- 
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centrated  at  the  center,  is  to  some  extent  distributed.    It  is  hardly 

Pa  Fa 

fair  to  assume  the  external  moment  equal  to  -^  or  -j-,  the  one 

being  too  small,  perhaps,  and  the  other  too  large.     It  will  be  rea- 

Fa 

sonable  to  take  the  external  moment  at  -^,  in  which  case,  equat- 
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Fig.  76. 

ing  the  external  moment  to  the  internal  moment  of  resistance. 

Fa      SI       SLA' 
"6" ^""      6    ' 


(iI5) 


from  which,  the  length  of  bearing  being  known,  we  may  calculate 
the  thickness  A. 

One  bolt  on  each  side  is  sufficient  for  bearings  not  more 
than  6  inches  long,  but  for  longer  bearings  we  usually  find  two 
bolts  on  a  side.  The  theoretical  location  for  two  bolts  on  a  side, 
in  order  that  the  bearing  may  be  equally  strong  at  the  bolts  and 
at  the  center  of  the  length,  may  be  shown  by  the  principles  of 

mechanics   to  be  -^  L  from  each  end,  as  indicated  in  Fig.  76. 
The  bolts  are  evidently  in  direct  tension,  and  if  equally  loaded 


185 


MACHINE  DESIGN 


would  each  take  their  fractional  share  of  the  whole  load  P.    This 


he  taken  by  the  bolts  on  one  Bide.  On  this  basis,  for  total  number 
of  bolts  n,  equating  the  external  force  to  the  internal  resiBtance  of 
the  bolts,  we  hare  : 


a   ^  1      >^    9.' 


(116) 


from  which  the  proper  commercial  diameter  may  be  readily  found. 
The  bracket  may  have  the  shape  shown  in  Fig.  77.  The 
portion  at  B  ia  under  direct  shearing  stress;  and  if  A  be  the  area 
at  this  point,  and  S,  the  safe  shearing  stress,  then,  equating  the 
external  force  to  the  internal  shearing  resistance, 


=  AS,. 


("7) 


The  same  shear  comee  on  all  parts  of  the  bracket  to  the  left  of  the 
load,  but  there  is  an  excesB  of  shearing  strength  at  these  points. 

At  the  point  of  faeteoing,  the  bolts  are  in  shear,  due  to  the 
same  load,  for  which  the  equation  is 

P  =  ^»,S..  („8) 

For  the  upper  bolts,  the  case  is  that  of  direct  tension,  assum- 
ing that  the  whole  bracket  tends  to  rotate  about  the  lower  edge  E. 
To  find  the  load  T  on  these  bolts,  we  should  take  moments  about 
the  point  E,  as  follows: 

■  -r-  ("9) 


PL,  =Ti;  orT=- 


Then,  equating  the  external  foree  to  tlie  internal  resistance; 


T  = 


PL, 


wdi 


x^. 


(I20) 


The  upper  flange  ia  loaded  with  the  bolt  load  T,  and  tends  to 
break  ufE  at  the  point  of  ooqaeUioa  to  the  main  body  of  the 
bracket,  the  external  maU/tM^fttit^^^m'^r.  The  section 
of  the  ilnnge  is  rOtigig^^^^^^^^l^lljDf  external  and  in- 
ternal mum 
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Tr: 


PL, 

°    I    ' 


SJ<" 


(■»■) 


It  may  be  noted  that  the  lower  bolts  act  on  such  a  small  leverage 
abont  E,  ttiat  tbey  would  stretch  and  thus  permit  all  the  load  to 
6e  thrown  on  the  upper  holts;  this  is  the  reason  why  they  are  not 
subject  to  calculation  for  tension. 


FiB-  77. 

The  section  of  the  bracket  to  the  left  of  the  load  P  is  depend- 
ent upon  the  bending  moment,  for,  if  this  section  is  large  enough 
to  take  the  bending  moment  properly,  the  shear  may  be  disregard- 
ed. It  should  be  calculated  at  several  points,  to  make  sure  that 
the  fiber  stress  is  within  allowable  limits.  The  general  expression 
for  the  equation  of  moments  is,  for  any  section  at  leverage  x, 

P»  =  f,  (122) 

from  which,  by  the  proper  substitution  of  the  moment  of  in- 
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ertia  of  the  section,   the  fiber  etresB  can   be  calculated.     The  mo- 
ment of  inertia  for  simple  ribbed  sections  can  be  foand  in  most 
handbooks.    The  process  of  Bolntion  of  the  above  equation,  thon^ 
simple,  is  apt  to  be  tedions, 
and  is  not  considered  neces- 
sary to  illustrate  here. 

PRACTICAL  MODIFI- 
CATION. Adjustment  is  an 
important  practical  feature  of 
bearings.  Unless  the  propor- 
tions are  so  ample  that  wear 
is  inappreciable,  simple  and 
ready  adjustment  must  be 
provided.  The  taper  bush- 
iDg,  Fig.  79,  is  neat  and  sat-  - 
isfactory  for  machinery  in 
which  expense  and  refinement 
are  permissible.  This  is  true 
of  some  machine  tools,  but  is 
The  moat  common 


not  true  of  the  general  "  run  "  of 

form  of  adjustment  is  secured  by  the  plain  cap  (which  may  or  may 


not  be  tODgued  into  the  bracket),  with  liners  placed  in  the  joint 
when  new,  which  may  subsequently  be  removed  or  reduced  so  as 
to  allow  the  cap  to  close  down  upon  the  shaft.  Several  forms  of 
CBp  besringa  are  illustrated  in  Figs.  80,  81,  and  82. 
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Large  engine  shaft  bearings  have  special  forms  of  adjustment 
by  means  of  wedges  and  screws,  which  take  up  the  wear  in  all 
directions,  at  the  same  time  accurately  preserving  the  alignment 
of  the  shafts;  but  this  refinement  is  seldom  required  for  shafts  of 
ordinary  machinery. 

In  cases  where  the  cap  bearing  is  not  applicable,  a  simple 
bushing  may  be  used.     This  may  be  removed  when  worn,  and  a 


Fig.  80.  Fig.  81. 

new  one  inserted,  the  exact  alignment  being  maintained,  as,  the 
outside  will  be  concentric  with  the  original  axis  of  shaft,  regard- 
less of  the  wear  which  has  taken  place  in  the  bore. 

The  lubrication  of  bearings  is  a  part  of  the  design,  in  that 
the  lubricant  should  be  intro- 
duced at  the  proper  point,  and 
pains  taken  to  guarantee  its  dis- 
tribution to  all  points  of  the  run- 
ning surface.  The  method  of 
lubrication  should  be  so  certain 
that  no  excuse  for  its  failure 
would  be  possible.  Grease  is  a 
successful  lubricator  for  heavy 
loads  and  slow  speeds,  oil  for 
light  loads  and  high  speeds. 

In  order  to  insure  the  lubri-  pjg.  82. 

cant  reaching   the  sliding   sur- 
&ces  and  entering  between  them,  it  must  be  introduced  at  a  point 
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where  the  pressure  is  moderate,  and  where  the  motion  of  the  parts 
will  naturally  lead  it  to  all  points  of  the  bearing.  Grooves  and 
channels  of  ample  size  assist  in  this  regard.  A  special  form  of 
bearing  uses  a  ring  riding  on  the  shaft  to  carry  the  oil  constantly 
from  a  small  reservoir  beneath  the  shaft  up  to  the  top,  where  it  is 
distributed  along  the  bearing  and  finally  flows  back  to  the  reser- 
voir and  is  used  again. 

The  materials  of  which  bearings  are  made  vary  with  the 
service  required  and  with  the  refinement  of  the  bearing.  Cast  iron 
makes  an  excellent  bearing  for  light  loads  and  slow  speeds,  but 
it  is  very  apt  to  "  seize  "  the  shaft  in  case  the  lubrication  is  in  the 
least  degree  impaired.  Bronze,  in  its  many  forms  of  density  and 
hardness,  is  extensively  used  for  high-grade  bearings,  but  it  also 
has  little  natural  lubricating  power,  and  requires  careful  attention 
to  keep  it  in  good  condition. 

Babbitt,  a  composition  metal,  of  varying  degrees  of  hardness, 
is  the  most  universal  and  satisfactory  material  for  ordinary  bear- 
ings.  It  affords  a  cheap  method  of  production,  being  poured  in 
molten  form  around  a  mandrel,  and  firmly  retained  in  its  casing  or 
shell  through  dovetailed  pockets  into  which  the  metal  flows  and 
hardens.  It  requires  no  boring  or  extensive  fitting.  Some 
scraping  to  uniform  bearing  is  necessary  in  most  cases,  but  this  is 
easily  and  cheaply  done.  Babbitt  is  a  durable  material,  and  has 
some  natural  lubricating  power,  so  that  it  has  less  tendency  to 
heat  with  scanty  lubrication  than  any  of  the  materials  previously 
mentioned.  Almost  any  grade  of  bearing  may  be  produced  with 
babbitt.  In  its  finest  form  the  babbitt  is  hammered,  or  pened, 
into  the  shell  of  the  bearing,  and  then  bored  out  nearly  to  size,  a 
slightly  tapered  mandrel  being  subsequently  drawn  through,  com- 
pressing the  babbitt  and  giving  a  polished  surface. 

A  combination  bearing  of  babbitt  and  bronze  is  sometimes 
used.  In  this  the  bronze  lies  in  strips  from  end  to  end  of  the 
bearing,  and  the  babbitt  fills  in  between  the  strips.  The  shell, 
being  of  bronze,  gives  the  required  stiflfness,  and  the  babbitt  the 
favorable  running  quality. 

PROBLEMS  ON  BEARINGS,   BRACKETS,  AND  STANDS. 

1,     The  allowable  pressure  on  a  bearing  is  300  pounds  per 
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square  inch  of  projected  area.  What  \s  the  required  length  of 
the  bearing  if  the  total  load  is  4,500  pounds  and  the  diameter  is 
3  inches  ? 

2.  The  cross-head  pin  of  a  steam  engine  must  be  2.5  inches 
in  diameter  to  withstand  the  shearing  strain.  If  the  maximum 
pressure  is  10,000  pounds,  what  length  should  be  given  to  the  pin  ? 

3.  The  journals  on  the  tender  of  a  locomotive  are  3^  X  7 
inches.  The  total  weight  of  the  tender  and  load  is  60,000  pounds. 
If  there  are  8  journals,  what  is  the  pressure  per  square  inch  of 
projected  area  ? 

4.  What  horse-power  is  lost  in  friction  at  the  circumference 
of  a  3-inch  bearing  carrying  a  load  of  6,000  pounds,  if  the  number 
of  revolutions  per  minute  is  150  and  the  coefficient  of  friction  is 
assumed  to  be  5  per  cent  ? 

5.  The  cast-iron  bracket  in  Fig.  77  has  a  load  P  of  1,000 
pounds.  Determine  the  fiber  stress  in  the  web  section  at  the  base 
of  the  bracket  if  the  thickness  is  taken  at  ^  inch,  and  L^  =  12 
inches;  I  =  20  inches;  A  =  11  inches;  ^  =  1  inch. 

6.  Calculate  the  diameter  of  the  bolts  at  the  top  of  the 
bracket. 

7.  Assuming  r  equal  to  6  inches,  what  is  the  fiber  stress  at 
the  root  of  flange  ? 
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PATTERN    MAKING. 

PART  I. 


Pattern  Making  dates  back  to  the  time  when  the  first  article 
wa8  made  from  molten  metal  for  the  use  of  man.  The  pattern 
must  precede  the  making  of  its  metal  coiinterpart,  and  is  therefore 
the  first  subject  to  be  treated  in  the  working  of  metal. 

Qualifications  of  the  Pattern  Maker.  The  pattern  maker  is 
essentially  a  worker  in  wood,  though,  where  many  castings  are  to 
be  made  from  the  same  pattern,  the  final  or  working  pattern  is  made 
of  metal.  These  metal  patterns  are  very  serviceable,  and  leave  the 
sand  more  easily  and  cleanly  than  those  made  of  wood.  Metal 
patterns  are  always  necessary  when  the  work  is  of  a  delicate  or 
very  light  character.  In  all  such  cases,  however,  the  first  pattern 
-*from  which  the  metal  pattern  is  to  be  moulded — is  made  of  wood, 
allowance  being  made  for  double  shrinkage,  and,  when  necessary, 
for  double  finish.  The  necessity  for  this  will  be  clearly  explained 
farther  on. 

The  pattern  maker  should  possess  a  practical  knowledge  of 
the  properties  of  metals.  First  of  all,  he  must  understand  the 
shrinkage  of  metals,  that  is  to  say,  bow  much  smaller  the  cold 
casting  will  be  than  the  molten  mass  as  it  flows  into  the  mould: 
he  should  know  what  the  strength  of  the  metal  is;  he  should  be 
familiar  with  the  relative  rapidity  of  cooling,  so  that  internal 
stresses  in  the  body  of  the  completed  casting  may  be  avoided 
as  much  as  possible;  ho  also  should  know  enough  about  the 
practical  work  of  the  moulder  to  decide  upon  the  peculiarities  of 
construction  of  the  piitteni  for  any  given  piece;  and  he  must  be 
sufficiently  skilled  as  a  draftsman  to  hiy  out,  without  the  assistance 
of  the  designer,  the  drawings  of  the  piece  to  be  made.  It  is  very 
true,  however,  that  there  are  many  good  pattern  makers  who  do  not 
possess  all  of  these  qualifications. 

The  last-mentioned  qualification  is  oue  of  the  most  important. 
The  drawings  furnished  the  pattern  maker  are  usually  on  a 
small  scale. 

lu  order  to  work  to  the  best  advantage,  he  must  reproduce  a 
part  or  all  of  them  at  full  size,  as  working  drawings.     To  do  this  in 
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such  a  way  that  the  lines  and  curves  of  the  finished  pattern  shall 
be  graceful  and  artistic  in  appearance,  will  require  the  same  nicety 
and  precision  of  workmanship  that  are  demanded  in  the  drafting 
room,  and  it  is  essential  that  the  pattern  maker  have  the  same 
complete  knowledge  of  the  principles  involved.  To  the  extent, 
then,  of  being  able,  when  necessary,  to  make  a  full-sized  drawing 
of  the  article  to  be  made,  the  pattern  maker  must  be  a  draftsman. 

In  large  establishments,  where  all  the  work  comes  to  the 
pattern  shop  in  the  form  of  carefully  executed  drawings,  the 
pattern  maker  is  the  means  of  putting  the  ideas  of  others  into 
tangible  shape.  In  smaller  places,  where  no  draftsman  is  employed, 
the  pattern  maker  will  be  called  upon  to  work  out  the  designs  for 
which  he  is  to  make  his  patterns,  and  he  thus  becomes  the  real 
designer. 

Finally,  the  pattern  maker  is  seldom  required  to  make  two 
patterns  that  are  identically  the  same.  His  work,  therefore,  is 
varied,  and  he  must  be  prepared  to  apply  to  the  solution  of  new 
problems  that  arise  such  principles  as  he  may  already  have  learned. 

Materials  for  Patterns.  As  patterns  are  subjected  to  more 
or  less  rough  usage,  and  are  alternately  wet  and  dry,  it  follows  that 
the  ideal  material  is  one  whose  hardness  is  such  that  it  will  with- 
stand the  wear  and  tear  of  handling  and  at  the  same  time  be 
impervious  to  the  eflFects  of  moisture.  Such  material  is  to  be 
found  in  the  metals,  but,  as  the  cost  of  working  these  into  the 
proper  shape  is  considerable,  some  kind  of  wood  is  usually  substi- 
tuted. 

Kind  of  Wood  Used.    If,  then,  wood  is  to  be  used,  another 

qualification  is  to  be  added — namely,  it  should  be  easily  worked. 
The  best  wood  for  the  purpose  is  undoubtedly  wiiite  pine.  Care 
should  be  exercised  in  the  inspection  of  the  wood,  to  see  that  it  is 
dear,  straig^lit-g^rained,  and  free  from  knots. 

The  straightness  of  the  grain  can  be  determined  by  the 
appearance  of  the  sawn  face.  This  should  present  an  even  rough- 
ness over  the  whole  surface.  The  wood  should  be  seasoned  in  the 
open  air,  but  preferably  sheltered  by  a  roof,  and  should  be  piled  so 
that  the  air  will  have  free  access  to  all  parts  of  the  plank.  In  the 
natural  process  of  air  drying,  the  moisture  slowly  works  out  to  the 
surface  and  evajwrates  until  the  wood  is  dry  or  "seasoned."     Such 
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stock  is  firmer,  stronger,  more  elastic,  and  less  affected  by  heat  and 
cold  ftud  by  moistiire  and  dryness,  than  kiln-dried  lumber.  In 
Itilti  drying,  the  outside  surfaces  and  ends  of  the  boards  are  dried 
more  rapidly  than  the  inside,  producing  strains  that  cause  the 
wood  to  bend  and  warp  while  the  pattern  is  in  the  process  of  con- 
struction. For  this  reason  it  is  better  to  "build  up"  the  larger 
pieces  of  a  pattern  by  gluing  together  three  or  more  {never  two) 
pieces  of  thinner  stock.  When  the  patterns  are  of  moderate  size 
the  stock  to  be  glued  may  vary  from  |  inch  to  1  inch  or  even  IJ 
inches  in  thickness,  in  projwrtion  to  the  size  required,  Stock  of  2 
inches  thickness  or  over  can  seldom  be  foimd  sufficiently  seasoned; 
and,  if  forced  by  kiln-drying,  it  will  be  checked  and  strained  to  an 
extent  that  will  render  it  useless  for  pattern  work. 

While  pine  is  in  general  the  ideal  wood  for  pattern  work,  it  is 
soft  and  weak,  so  that,  if  small  and  strong  patterns  are  desired,  a 
harder  wood  is  usually  employed.  Mahogany  is  much  used  for 
this  purpose.  Like  pine,  it  is  not  liable  to  war^i,  and,  when  straight- 
grained,  it  is  worked  with  comparative  ease.  There  are  many 
varieties  of  this  beautiful  wood,  varying  greatly  in  firmness  of 
texture.  The  soft  bay  wood,  often  sold  as  geniijue  mahogany, 
should  be  avoidt'd  for  patterns,  being  hut  little  harder  than  pine. 
Cherry  ia  also  extensively  used,  but  is  not  so  easily  work(?d  to  a 
smooth  surface  as  mahogany,  and  is  more  liublu  than  the  latter  to 
warp  and  to  be  affected  by  moisture.  Black  walnut,  beech,  and 
maple  are  used  to  some  extent.  Black  walnut  is  stronger  than 
cherry,  but,  like  beech  and  maple,  is  likely  to  warp. 

It  may  be  stated  then,  that,  in  tho  Uniti-d  States,  white  pine 
is  the  material  commonly  employed  tor  pattern  making.  Lumber 
1  inch,  IJ  inches,  and  IJ  inches  thick  will  be  found  convenient  in 
the  construction  of  such  patterns  as  are  most  commonly  called  for. 
It  will  be  a  great  saving  of  time  and  labor,  after  the  lumber  has 
been  carefully  selected,  to  have  it  taken  to  the  planing  mill  and 
dressed  on  two  sides  to  the  following  thicknesses: 

One-inch,  dressed  on  two  sides  to  7i  inch; 

One  and  one-guarter-inch,  dressed  on  two  aides  to     Ifg  inch; 

One  and  one-hnlt-inch,  drcascd  on  two  sides  to  I^g  inch; 

and,  irsuch  can  be  found  well  seasoned,  a  small  quantity  of  two-inch, dressed 

o  1%  inches. 
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In  addition  to  these  sizes  there  shonld  be  a  moderate  amount  of 
1-inch  resaved  and  dressed  to  |  inch  or  to  ^  Inch;  and  the  Bame 
amoont  of  l^-inch  resawed  and  dressed  to  ^  inch.  The  two  last 
thicknesses  are  nsed  for  glning  and  bnilding  up  the  rims  of  pulleys, 
gear  wheels,  and  other  light  work  where  strength  and  durability 
are  reqaired. 

Warping  and  Twisting  of  Wood.  Observation  shows  that 
if  one  side  of  a  board  is  kept  damp  and  the  other  dried,  the  former 
will  expand  so  that  the  plank,  although  originally  straight,  becomea 
curved  as  in  Fig.  1.  Or  if  one  side  of  a  board  is  exposed  to  the  air, 
while  the  other  is  more  or  less  protected,  as  in  the  stack  of  boards 
shown  in  Fig.  2,  the  exposed  side  of  the  upper  board  will  give  off 
its  moisture  mpre  rapidly  than  the  other  side,  and  the  board  will 
warp  or  bend  in  the  direction  shown  by  the  dotted  lines.  The 
second  board  will  also  "draw"  and  to  some  extent  follow  the  first, 
being  in  turn  followed  by  the  third,  and  so  on  until  the  entire  stack 
is  warped  and  bent. 


Fig.  2. 

The  same  will  be  found  true  of  a  well-seasoned  board  if  after 
being  planed  it  is  allowed  to  lie  on  its  side  on  the  work-bench. 
The  upper  side  will  give  off  its  moisture  more  freely  than  is 
possible  for  the  under  side;  the  latter  being  protected  and  having 
its  moisture  retained  by  the  bench.  The  lower  side  of  the  board  is 
thus  caused  to  expand,  and  the  upper  to  contract,  with  the  result 
that  the  board,  although  originally  planed  straight,  becomes  curved. 
For  this  reason  all  lumber,  even  if  well-seasoned,  should  be  so 
placed  in  racks,  or  on  end,  that  the  air  may  have  free  access  to 
both  sides  of  the  planks ;  and  newly  planed  boards,  however  dry 
and  well  seasoned,  should  never  be  stacked  ti^ether,  but  so  placed 
that  both  sides  will  be  exposed  alike. 

This  tendency  to  warp  is  explained  to  some  extent  by  the 
porous  nature  of  all  woods,  and  their  inclination  to  give  off  or  to 
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absorb  moUttire  according  to  the  condition  of  the  snrroundiDg 
atmosphere.  Aa  there  ia  always  more  or  k-sa  moisture  in  the  air, 
and  lumber  of  all  kiuda  coutaina  an  amount  o£  moiBture  which 
is  ever  changing  according  to  the  conditiona  of  the  surrounding 
atmosphere;  this  causes  corresponding  expansion  or  contraction 
of  the  woo<l. 

Even  under  cover  and  in  a  dry  place,  wooil  has  a  tendency 
to  warp  on  account  ot  the  gn^atcr  shrinkage  of  the  newer  as 
compared  with  the  older  cells  of  the  wood  tissue  or  fiber  in  the  side 
of  the  board  nearest  to  the  outside  or  sap  wood  of  the  tree.  The  ■ 
inner  side  A  of  the  bonrd  (Fig.  3)  being  closer  to  the  heart  wood, 
ia  older  than  the  side  B;  its  cells  are  firmer  and  more  compact  than 
those  of  B.  As  the  board  seasons,  the  newer  and  more  open  cells 
of  the  side  B  will  shrink  faster  and  to  a  greater  esttnit  than  those 
of  A,  thus  causing  the  board  to  draw  or  warp  in  the  direction 
indicated  by  the  dotted  lines. 


b 


u^r;}///>.^J^Nv^^\v;;^ 


Fig.  i. 


In  gluing  or  building  up  stock  for  a  pattern,  this  tendency 
may  be  correctetl  to  some  extent,  by  reversing  the  grain  of  the 
pieces  that  are  to  be  glued,  and  placing  two  outsides  (as  B,  Fig.  3) 
or  two  insides  (as  A,  Pig,  3)  together.  This  ia  fully  illustrated 
in  Fig.  4. 

In  gluing  very  thin  pieces  tt^ether  for  the  webs  or  centers  of 
pulleys  and  for  other  piu-poses,  it  is  often  necessary  to  reverse  the 
grain  of  the  pitn^es,  or  to  place  the  grain  of  one  piece  at  ri^/kt 
angles  to  that  of  the  other,  for  the  purpose  of  gaining  greater 
strength  and  stiffness.  In  such  cases,  if  only  two  thin  pieces  are 
nsed,  the  result,  after  they  have  been  glued  and  dried,  will  be  to 
some  extent  as  shown  in  Fig.  5,  the  shrinkage  and  strain  of  the 
end  grain  crosswise  of  the  board  at  a,  being  sufficient  to  bend 
the  opposing  thin  board  lengthwise  of  the  grain  at  J,  while  on  the 
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side  erf,  the  curve  will  be  reversed  for  the  same  reason.  Wheneeer 
it  is  necessary  to  cross  the  grain  of  thin  pieces  for  a  pattern, 
three  or  more  pieces  should  he  used,  which  will  give  Batiefactory 
resolta   if  placed  together  ns   ehown   in   Fig.   fi. 


riir.  6. 

Wheu  thiu  circuliir  disks  of 
ki^  size  are  to  be  gluixl  up  for 
patterns  of  any  kind,  the  strongest, 
stiffest,  and  most  satisfactory  re- 
sults will  be  obtained  if  the  pieces 
F'fT'  5-  arc  fitted   and  glued  tangentially 

to  the  hub  or  other  center  or  opening  in  the  disk,  as  shown  in  Fig.  7. 

The  grain  of  the  wood  must  run  lengthwise,  and  parallel  to  the 

longest  side  of  each  sector;  and,  after  the  pieces  have  been  fitted 

ti^ther,  a  thin  groove  is  cut  in  the  edge  ot  each,  in  which  thin 

tongnes  of  wood  are 

inserted   and   glued,  as 

illnstrated    in    Fig.    8. 

Two  disks  are  glued  up, 

and  one  is  turned  over 

so  as  to  reverse  the  grain 

of    the   sectors  of    one 

disk  on  that  of  the  other, 

as  shown  by  the  dotted 

lines.  The  disks  are  then 

glued  together,  making 

B  very   rigid   construc- 
tion, and  one  which,  owing  to  tli 

of  the  grain,  will  not  warp. 

Should  a  wide  and  thin  piece  of  a.  single  thickness  be  required 

for  a  pattern,  the  board  from  which  it  is  to  be  made  should  be 

ripped  into  strips  of  two,  three,  or  four  inches  in  width  (according 

to  the  width  of  the  required  board),  and  the  strips  glued  together 


Fig.  7.  Fig.  8. 

tinual  changt'  in  the  din'ction 
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again  with  each  alternate  strip  reversed,  as  shown  in  Fig.  9.    In 
^^^^^^^^^^_^^^^^^  this  way  the  tendency  to  warp  is  to  a 
^^^>s^^f?^^^'N>^E==^\  .^=^  great  extent  corrected,  each  narrow  strip 
Fig- 9.  being    inclined    to   warp  in  an  opposite 

direction  to  that  of  its  neighbor. 

TOOLS. 

While  many  of  the  tools  used  by  the  pattern  maker  are  identi- 
cal with  those  used  by  the  carpenter  and  cabinet  maker,  yet  the 
conditions  that  govern  the  construction  of  patterns  for  the  mold- 
ing of  metals,  together  with  the  required  accuracy  in  dimensions 
and  the  methods  of  construction  used  to  guard  against  warping, 
distortion,  and  breaking,  have  very  little  in  common  with  the 
workmanship  and  methods  of  the  carjxjnter,  the  wood  turner  or 
the  cabinet  maker. 

Following  is  a  descriptive  list  of  the  more  essential  tools  used  in 
pattern  making,  accompanied  with  instructions  in  their  use. 

HAND  SAWS. 

Rip  Saw  and  Crosscut  Saw.  Hand  saws  are  of  two  kinds — 
rip  and  crosscut.  The  former,  as  the  name  indicates,  is  for 
cutting  with  the  grain,  or  lengthwise  of  the  board  to  be  sawed.  In 
Fig.  10  is  illustrated  a  rip  saw 
having  5^  points  to  the  inch, 
which  will  work  rapidly  and  with 
ease  in  pine  and  other  soft  woods. 
If  mahogany,  cherry,  or  other  hard 

wood  is  to  be  ripped,  a  six-point  y 

saw  should  be  used.  Kip  saws 
should  be  filed  with  all  the  bevel 
on  the  back  of  the  tooth,  as  shown 
at  h  in  Fig.  10,  the  front  or 
"throat"  of  the  tooth  being  at  right 
angles  to,  or  "square"  with,  the  Pig.  10, 

tooth  edge  of  the  blade,  as  at  a  in  the  same  figure.  The  position 
of  the  line  cfl,  whether  perjiendicular  or  slanting,  is  called  the 
"hook''  or  "pitch"  of  the  tooth. 
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Rip  saws  should  be  filed  square  across;  that  is,  the  file  should 
be  held  horizontal  and  at  right  angles  to  the  side  of  the  blade,  always 
filing  each  alternate  tooth  from  the  opposite  side  of  the  saw;  this, 
if  done  by  beginning  at  the  heel  and  working  the  file  toward  the 

point  of  the  blade,  will  give 
a  very  slight  bevel  to  the 
back  edge  of  the  tooth, 
causing  it  to  cut  cleaner 
and  with  less  set  than  if 
filed  otherwise. 

Rip  saws  require  very 
little  set  for  use  in  dry, 
well-seasoned  lumber,  such 
as  is  always  used  in  pattern 
making.  The  teeth  should 
be  "set,"  or  bent,  only  at 
the  points,  as  shown  at  e 
and/ in  Fig.  10;  and  in  no 
case  should  the  set  exceed 
more  than  half  the  depth 
^•11-  of  the  tooth. 

When  the  points  only  are  set,  the  saw  will  work  more  freely, 
and  the  blade  of  the  saw  will  not  be  ''sprung,"  or  bent,  in  setting 
In  using  a  rip  saw,  the  front  or  cutting  edge  of  the  saw  blade 
should  be  held  at  an  angle  of  about  45^  to 
the  board,  as  shown  in  Fig.  11.  This 
brings  the  back  of  the  tooth  nearly  at 
right  angles  to  the  fibres  of  the  wood,  and 
insures  a  shearing  cut.  For  fine  work  and 
well-seasoned  material,  hand  saws  may  be 
bought  ground  so  thin  on  the  back  as  to       ^  ■ 

require  no   set.     Such  tools  work   very  Pig.  12. 

smoothly  and  easily,  cutting  away  less  wood  and  doing  better  work 
than  sawB  that  have  been  set. 

The  oroesoat  saw  really  seveiB  or  outs  the  fibres  of  the  wood 
twioOi  M  shown  at  a  in  Ftg.  12»  the  intervening  projections  being 

^urt  by  the    thrust   of   the  saw, 
kfirf»  as  shown  at  h  (Fig.  12). 


ii 
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A  crosscut  saw  for  ordinary  work  shotild  have  five  or  six  points 
to  the  inch ;  but  for  fine  work  ten  or  twelve  points  would  be  better, 
especially  for  dry  woods,  either  soft  or  hard. 

A  section  of  a  6 -point  crosscut  saw  is  shown  in  Fig.  13,  and 
one  of  an  13|. point  in  Fig.  14. 

In  considering  rip  saws  we  find  that  the  rake  or  bevel  is  all  on 


Fig.  13. 

the  back  of  the  tooth.  In  crosscut  saws  the  rake  is  on  the  side  of 
the  tooth,  as  shown  at  a  (Fig.  13.)  In  ripping,  the  point  of  the 
tooth  acts  as  a  chisel,  cutting  oflF  the  fibers  of  the  wood,  each  tooth 
chiseling  oflF  a  shaving  as  it  passes  through  the  board;  but  in 
crosscutting,  the  side  of  the  tooth 
does  the  cutting,  and  therefore  must 
have  its  bevel  on  the  side. 

In  Fig.  13  the  bevel  or  fleam 
of  the  tooth  is  about  45°,  and,  as 
shown,  there  is  no  hook  or  pitch, 
the  angle  being  the  same  on  both  Fig.  14. 

the  front  and  back  of  the  tooth.  This  form  of  tooth  works  well  in 
wet  or  in  very  soft  wood;  but  for  wood  that  is  well  seasoned,  and 
for  all  the  harder  and  firmer  woods,  the  pitch  of  the  front  of  the 


Fig.  15. 

tooth  should  be  at  an  angle  of  about  60°  to  the  tooth  edge  of  the 
blade,  as  shown  in  Fig.  15,  and  at  J  in  Fig.  16.  The  amount  of 
pitch  in  the  teeth  of  a  saw  may  be  varied  as  demanded  for  different 
purposes  or  for  different  woods,  but  in  all  cases  should  be  such  as 
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to  loosen  and  carry  out  the  intervening  wood.    Otherwise  this  would 

have  to  be  rasped  or  filed  out  by  the  continued  action  of  the  saw. 

The   fleam   of   the  side  of  the  crosscut   saw  tooth    is  very 

important.    When    filing,  the    file    should  be    held  horizontally 

and  at  an  angle  of  about  45°  to  the  side  of  the  saw,  lengthwise  of 

the  blade,  as  illustrated  in  Fig.  16;  and  each  alternate  tooth  must 

be  filed  from  the  opposite  side  of  the  blade,  beginning  at  the  heel 

and  filing  toward  the  point  of  the  saw. 

The  objection  is  often  raised  by  saw  filers,  that  in  filing  from 

the  handle  end  of  the  saw  toward  the  point,  a  feather  edge  is  made 

by  the  file  and  turned  backward  on  the  point  of  the  tooth.    The 

first  thrust  of  the  saw  through  the  board,  however,  will  remove  this 

feather  edge  entirely;  whereas,  if  the  filing  be  done  from  the  point 

of  the  saw  toward  the 

handle,  it  is  necessary 

to  file  the    teeth    bent 

toward  the  operator, 

which   catises   the   saw 

to  vibrate,  or  "chatter;" 

and  this  not  only  renders 

good,  even  filing  impos- 

„.    ^^  sible,    but    breaks    the 

Fig.  16.  ,     .   ,     /•, 

,  teeth  of  the  file. 

For  hand  and  back  saws,  a  saw-set  that  acts  on  the  principle 

of  the  hammer  and  anvil,  such  as  the  one  illustrated  in  Fig.  17, 

is  best.     The  spring  sets,  so  much  in  use,  will  not  give  so  regular 

and  even  a  set  to  the  teeth  as  will  one  or  more  light  blows  with  the 

hammer  on  the  beveled  face  of  the  anvil.    By  this  method  the 

tooth   is  not  bent  or  sprung  beyond  the  position  in  which  it  is 

intended  to  remain,  and  the  blade  of  the  saw  is  not  bent  or  affected 

by  the  stroke  of  the  hammer  on  the  point  of  the  tooth.    A  saw-set 

of  the  kind  illustrated  in  Fig.  17  can  be  adjusted  to  set  the  points 

of  the  teeth  to  any  depth  desired;  and,  even  if  repeated  light  blows 

are  given,  the  tooth  cannot  be  bent  beyond  the  required  distance. 

The  blow  may  be  struck  on  a  with  a  light  mallet;  or  it  may  be 

struck  from  below  with  the  operator's  foot  on  a  treadle  connected 

with  e,  leaving  both  hands  free  to  hold  and  to  guide  th(»  saw. 
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In  setting  a  saw,  it  is  always  better  to  use  two  or  three  l^ht 
blows  on  a  tooth  than  to  try  to  do  the  work  with  one  hea\y  blow; 
and  this  is  especially  the  case  if  the  saw  is  hard,  as  all  good  and 
well-tempered  saws  should  be. 

The  back  saw  illustrated  in  Fig.  18  is  used  as  a  bench  saw  for 
light  or  fine  work,  and  for  fitting  and  dovetailing.  Saws  of  this 
type  are  made  from  8  to  14  inches  in  length,  the  10-  and  12-inch 
being  convenient  sizes  for  general 
work.  As  the  metal  back  holds  and 
stiffens  the  saw,  a  thin  blade  should 
always  be  selected;  and  the  methods 
of  filing,  jointing  and  setting  are  the 


Pig.  17.  Fig.  W. 

same  as  already  described  for  hand  saws.  At  least  two  back  saw> 
will  be  found  necessary,  one  filed  for  croescntting,  and  the  other 
filed  aa  a  rip  saw  for  cutting  with  the  grain  of  the  wood,  as  in 
the  cutting  of  tenons  and  dovetails. 

EXERCISE. 
While   for  those  who  have  had  experience  in  carpentry  the 
following  exercise  in  the  use  of  the  back  saw  may  not  be  necossary, 
it  is  recommendi-d  to  all  beginners  who  wish  to  acquire  skill  in  the 
asu  of  this  imiwrtiint  tool. 
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Take  any  block  of  wood  from  12  inches  to  16  inches  long,  about  2  inches 
wide,  and  about  1%  inches  in  thickness.  With  try-square  and  a  sharp-pointed 
pocketknife,  lay  it  out  as  illustrated  in  Fig.  19,  on  the  upper,  front,  and  back 
sides  of  the  block.  The  knife-cuts  must  be  at  least  ^  inch  deep,  and  about 
^  inch  distant  from  each  other.  Next  proceed  to  saw  up  the  block  into  thin 
sections,  sawing  each  time  so  that  the  saw  kerf  will  be  just  outside  of,  but 
close  to  the  knife  line,  as  indicated  at  a. 

The  saw-cut  through  the  block  should  be  true  to  each  of  the  three  lines; 
and  while  the  saw  passes  along  one  side  of  the  line,  its  teeth  should  not 
scratch  the  opposite  side  of  the  knife-cut,  but  should  leave  a  smooth,  clean 
angle  of  the  knife-cut  on  the  block,  as  shown  at  b  in  Fig.  19,  while  at  the  same 
time  it  should  be  so  close  to  the  line  as  to  leave  no  wood  to  be  smoothed  off 
with  plane  or  chisel. 


A^is^^^A^A^^^A^A^^^^^'^ 


Fig.  20. 

A  few  hours'  thorough  and  careful  practice  of  this  exercise 
will  enable  any  one  to  use  the  saw  successfully. 

Compass  Saw.  As  the  work  of  the  compass  saw,  illustrated  in 
Fig.  20,  will  be  both  vnth  and  across  the  grain  of  the  wood,  the 
best  form  of  tooth  will  be  that  shown  in  Fig.  21,  having  more  pitch, 
and  slightly  less  bevel,  than  the  crosscut  saw.    A  crosscut  saw 

will  rip  better  than  a  rip  saw  will  cross- 
cut; hence  the  shape  of  tooth  should 
be  between  the  two.    C!ompass  saws 
I  areground  very  thin  on  the  back  of  the 
^^^'  blade,  but  in  order  to  turn  easily  they 

should  be  set  the  same  as  hand  saws.  And  here  wo  wish  to  impress 
on  the  beginner  the  necessity  of  keeping  his  saw-  and  indeed  all 
other  cutting  tools — perfectly  sharp  and  in  good  working  condition 
at  all  times.  A  sharp  saw  will  work  faster,  and  will  always  do 
smoother  and  better  work  with  less  set  and  with  less  expenditure 
of  power,  than  a  dull  one.  Even  to  saw  well  is  an  art,  which 
cannot  be  gained  through  the  use  of  dull,  imperfectly  set,  and 
poorly  kept  tools.  To  file  well  will  require  from  the  bt^ginner  close 
attention,  a  study  of  the  subject,  and  careful  practice,  all  of  which 
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can  be  given  by  any  one  possessing  ordinary  mechanical  ability. 
If  the  filing  is  done  slowly  at  first,  care  being  taken  to  hold  the 
file  at  the  same  angle  for  all  the  teeth,  a  little  faithfnl  practice  will 
always  bring  success. 

PLANES. 

The  Iron  Plane.  The  modem  iron  plane,  illustrated  in 
Fig.  22,  can  now  bo  bought 
in  a  great  variety  of  sizes 
and  styles.  These  planes, 
with  their  true  and  unchang- 
ing faces,  and  their  simple 
appliances  for  setting andad- 
justing  the  cutter  (or  plane-  ^^«-  22- 

iron)  to  the  face  of  the  plane  and  to  the  required  thickness  of  shav- 
ings, are  greatly  to  be  preferred  to  the  old-style  wooden  planes. 
The  general  construction  of  the  iron  plane  will  be  readily 

understood  from  Fig.  23, 
one  side  of  the  plane 
being  removed  to  show 
the  arrangement  of  the 
parts;  a  is  the  cutter, 
or  plane-iron,  which  is 
made  of  the  best  cast 
steel  and  of  equal  thick- 
ness throughout.  In  all 
Fig.  23.  new  planes  this  part  will 

be  found  ground  and  sharpened  for  immediate  use. 

The    cai)-iron  f  (Fig.   23)  is  fastened    to    the    plane-iron, 


n 


c 


TTiDC) 


Fig.2i. 

by  an  adjusting  screw,  as  shown  in  Fig.  24.    For  whetting  or 
grinding  the  cutting  edge,  it  is  not  necessary  to  remove  the  cap-mxit 
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but  only  to  loosen  the  connecting  screw  and  to  slide  the  cap 
back  to  the  extreme  end  of  the  slot  in  the  plane-iron,  tightening  it 
there  by  a  turn  of  the  screw.  The  cap-iron  will  then  serve  as  a 
convenient  handle  or  rest  in  whetting  or  in  grinding. 

The  iron  lever  c  (Fig.  23)  is  held  in  place  below  its  center  by 
the  screw  gj  which  acts  as  a  fulcrmn,  and  the  lever  is  readily 
clamped  down  npon  the  irons  by  the  nse  of  the  cam-piece  d. 
When  this  cam  is  turned  npward  it  ceases  to  bear  njwn  the  irons. 
The  lever  c  may  then  be  removed  from  its  place,  and  the  irons 
released,  without  turning  or  changing  the  adjustment  of  the  screw 
gj  as  the  lever  and  irons  are  properly  slotted  for  this  purpose. 

Should  the  pressure  required  for  the  best  working  of  the  plane- 
iron  need  changing,  it  can  easily  be  obtained  by  tightening  or 
loosening  the  screw  g. 

When  the  plane-iron  is  secured  in  its  place,  the  use  of  the 
brass  thumb-screw  h  will  draw  or  drive  the  plane-iron;  and  thus 
the  thickness  of  the  shaving  to  be  taken  from  the  work  can  be 
regulated  with  perfect  accuracy.  By  the  use  of  the  lever  e,  located 
under  the  plane-iron,  and  working  sidewise,  the  cutting  edge  can 
easily  be  brought  into  position  exg,ctly  parallel  with  the  face  of  the 
plane,  should  any  variation  exist  when  the  iron  is  clamped  down. 
To  ascertain  this,  hold  the  plane  up,  and  look  down  over  its  face; 
the  greater  projection,  if  there  be  any,  of  one  or  the  other  of 
the  comers  of  the  iron,  can  readily  be  seen. 

The  cap-irony,  which  is  not  sharp,  is  not^  as  is  often  supposed, 
used  for  the  purpose  of  strengthening  or  stiffening  the  cutting 
iron,  but  as  a  chip-break  to  prevent  the  cutting  edge  of  the 
plane-iron  from  chipping,  tearing,  and  breaking  the  grain  of  the 
wood  below  the  surface  when  the  grain  turns  and  twists,  or  when 
it  is  knotty  and  crooked.  In  such  cases  the  tendency  of  the 
plane-iron  is  to  split  and  tear  out  the  fibres  of  the  wood  in  front 
of  the  cutting  edge.  To  avoid  this,  the  cap-iron  is  screwed  on  with 
its  dull  edge  quite  close  to  the  cutting  edge,  so  as  to  bend  and 
break  off  the  fibres  or  the  shavings  before  the  split  gets  fairly 
started  below  the  surface. 

The  cutting  edge  of  the  plane-iron  is  said  to  have  lead  in 
proportion  to  the  distance  it  is  placed  in  advance  of  the  dull  edge 
of  the  cap-iron.    The  depth  pf  the  splits,  or  the  roughness  of  the 
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cross-grained  surface,  will  be  just  equal  to  the  lead  of  the  cutting 
edge.  For  soft,  straight-grained  wood,  the  lead  may  be  -5^  inch 
or  even  more,  but  this  must  be  reduced  in  proportion  as  the  wood 
is  curly,  cross-grained,  or  knotty. 

The  grinding,  or  the  whetting,  must  always  be  done  on  the 
level  side  only  of  the  plane-iron,  the  upper  side  being  kept  as  flat 
and  as  smooth  as  jxyssible  to  secure  easy  working. 

All  plane-irons  should  be  ground  slightly  rounding  to  the 
extent  of  the  thickness  of  a  thin  shaving.  This  rounding  of  the 
cutting  edge  should  bo  the  true  arc  of  a  circle  throughout  the  entire 
length  of  the  cutting  edge,  and  not  simply  a  rounding-ofiP  of  the 
comers  as  is  sometimes  directed.  Rounding  the  edge  to  the  extent 
of  the  thickness  of  a  shaving  will  prevent  the  plane-iron  from 
grooving  into,  or  plowing  out  a  wide  groove  in,  the  surface  that 
is  being  workcnl,  and  will  also  assist  grc^atly  in  working  the  edges 
of  the  piece  to  right  angles,  or  square  with  the  face  side.  To  do 
this  it  is  not  necessary,  should  one  comer  of  the  edge  be  higher 
than  the  other,  to  tilt  the  plane  on  the  high  edge^,  but,  while  hold- 
ing it  flat  and  firm  on  the  surface  of  the  edge  being  planed,  push 
the  plane  sidewise  towards  the  highest  comer  in  order  to  reduce 
that  comer.  This  will  readily  be  understood  when  we  remember 
that  the  cutting  edge  of  the  iron  is  rounding.  If  the  plane  is  held 
so  that  the  middle  of  the  plane-iron  will  do  the  cutting,  the  shav- 
ing planed  will  be  of  the  same  thickness  on  both  edges;  but  if  the 
plane  is  pushed  over  to  one  side,  either  to  the  right  or  to  the  left, 
the  shaving  will  be  feather-edged,  or  thick  on  one  edge  and  thin 
on  the  other,  thus  reducing  the  higher  comer  of  the  edge  of  the  piece. 

When  the  plane  is  to  be  used,  the  beginner  should  first  care- 
fully adjust  it  to  the  thickness  of  shaving  required,  by  holding  it 
up  and  looking  down  over  the  face  of  the  plane,  when  the  projec- 
tion of  the  plane-iron  can  readily  be  seen,  and  then  by  tegting  on 
the  piece  to  be  planed. 

The  operator's  position  should  be  one  of  perfect  ease,  standing 
well  back  of  the  piece  to  be  planed,  and  pushing  the  plane  to  arm's 
length  from  (not  alongside  of)  the  operator,  taking  long  and 
continued  shavingj  from  the  board.  When  starting  the  Bhavingat 
the  end  of  the  board,  care  should  be  taken  to  hold  the  forwaid  end 
of  the  plane  down  firmly,  or  the  act  of  pushing  it  forwaid  w^ 


9m 


PATTERN  MAKING 


cause  that  end  to  tUt  np  and  the  plane-iron  to  chatter  on  the 
snrface  as  it  b^ine  to  cut  the  shaving.  This  is  owing  to  the  (act 
that  nearly  two-thirds  of  the  plane  overhangs  the  end  of  the  board, 
reqturing  firm  pressure  on  the  forward  end  to  balance  it  while  the 
stroke  is  being  started. 

To  insure  smooth  work,  care  must  be  taken  to  plane  with  the 
grain  of  the  wood,  and  not  against  the  ends  of  the  fibres  as  they 
lie  in  the  snrface  of  the  board.  -  Shoald  the  fibres  tear  out  and  the 
surface  become  rough,  reverse 
the  ends  of  the  boards  so  as 
to  cat  the  shaving  in  the 
opposite  direction,  and  note 
the  difference  in  the  effect  on 
the  planed  surface. 

Of  iron  {danes,  the  most 
important  is  the  No.  6  jack 
plane,  14  inches  long,  and  hav-  ^'K-  ^ 

ing  a  cutter  2  inches  in  width.  This  plane  is  illustrated  in  Fig.  25. 
When  the  pattern  lomber  has  first  been  roughly  planed  in  a 
planing  mill,  this  No.  5  plane  almost  exdiisively  can  be  used  for 
planing  and  pattern  making.  In  making  or  in  "truing  up"  very 
lai^e  surfaces,  however,  or  in  making  long  glue  joints,  the  No.  1 
jointer  plane,  22  inches  long  and 
having  a  cntter  2|  inches  wide,  will 
be  found  necessary,  This  plane  is 
shown  in  Fig,  22,  and  differs  from 
the  jack  plane  only  in  its  length 
and  in  its  extra  width  of  face. 

For  maht^any  or  other  hard 
wood,  the  No.  4  smooth  plane,  illustrated  in  Fig.  26,  will  be  found 
very  useful.  This  pkne  is  made  in  several  sizes.  The  No.  4, 
which  is  9  inches  long  and  has  a  2-inch  cutter,  is  the  best  size  for 
general  use. 

Next  in  importance  to  the  three  planes  already  mentioned, 
is  the  block  plane,  illustrated  in  Fig.  27.  The  No.  19,  which  is 
7  inches  long  and  has  a  cutter  1|  inches  wide,  is  the  most  desirable 
for  the  pattern  maker's  use.  It  has  uu  adjustable  throat,  as  well  as 
the  screw  and  lateral  lever  adjustments  of  the  other  planes.    This 
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Pig.  27. 


plane  has  the  advantage  of  being  so  constructed  as  to  be  held 
easily  in  one  hand.    Owing  to  the  low  angle  at  which  the  cutter 

is  placed  it  works  more  smoothly 
and  easily  on  end  wood  and  on 
miters  than  any  other  plane. 
In  cases  where  lumber  must 
be  dressed  from  the  rough, 
without  being  first  roughly 
dressed  in  a  planing  mill,  the 
No.  40  scrub  plane,  illustrated 
in  Fig.  28,  will  be  almost  indispensable.  It  is  9|  inches  long,  and 
has  a  cutter  1^  inchc^s  wide.  The  cutter  is  a  single  iron,  and  is 
ground  and  sharjiened  very  rounding  on  the  cutting  edge,  as  shown 
in  Fig.  28,  to  allow  of  cutting  ^ 
a  very  thick  shaving  without 
grooving  at  the  edges.  This 
plane  works  rapidly  and  easily, 
preparing  the  rough-sawn  sur- 
faces of  planks  for  the  finish- 
ing planes.  Fig.  28. 

For  truing  and  smoothing  circular  arcs  and  curves  of  all  kinds, 
either  convex  or  concave,  there  is  no  tool  that  equals  the  circular 
plane,  illustrated  in  Fig.  29.    This  plane  has  a  flexible  steel  face 


Fig.  29. 

which  can  easily  be  shaped  to  any  required  arc  or  curve  by  tumiiig 
the  knob  on  the  front  of  the  plane. 

The  Rabbet  Plane.    Among  the  special  {danes  used  by  the 
pattern  maker,  the  rabbet  plane,  illustrated  in  Fig.  30,  is  the 
important.    The  face  of  this  plane  is  always  flat  and  at  right 
to  the  sides.    It  is  used  in  workiniz:  out  square  anf^es  and  oanm 
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or  laps  as  they  are  called  in  carpentry,  and  also  for  working 
lap  joints,  as  shown  in  Fig.  31. 


Fig.  31. 

The  skew-iron  rabbet  plane,  in  which  the  cutting  edge  of  the 
plane-iron  is  set  diagonally  across  the  face  of  the  plane,  works 
much  more  smoothly  and  easily  than  one  in  which  the  iron  is  set 
at  right  angles  to  the  side  of  the  plane.    The  improved  rabbet 


Fig.  32. 

plane  shown  in  Fig.  32  is  fitted  with  depth  gauge,  and  also  with  a  spur 
cutter,  both  of  which  are  often  of  great  convenience  to  the  workman. 
Rabbet  planes  are  made  in  sizes  ranging  from  ^  inch  to  Ij^ 
inches  in  width.  The  1-inch  and  1^-inch  are  convenient  sizes  foi 
general  work. 


Pig.  33.  Fig.  34. 

Round  and  Hollow  Planes.  These  planes  are  illustrated  in 
Figs.  33  and  34.  They  are  made  of  different  curvatures,  and  a  set 
of  assorted  sizes,  especially  the  rounds,  are  almost  indispensable 
to  the  pattern  maker  for  finishing  semicircular  core  boxes,  for 
making  fillets,  and  for  working  out  curves  of  every  description, 
both  concave  and  convex. 
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The  Core-Box  Plane.  The  core-box  iJane,  shown  in  Fig.  35, 
while  not  indispensable,  will  be  found  to  be  a  very  rapid  working 
and  useful  tool  for  making  semicircular  core  boxes  up  to  2^  inches 
in  diameter.  By  using  the 
extension  sides,  one  of 
which  is  shown  in  the  illus- 
tration, and  two  pairs  of 
which  are  always  furnished, 
this  tool  will  work  accu- 
rately a  concave  semicircle 
up  to  10  inches  in  diameter. 

The  core-box  plane  is 
constructed  upon  the  prin- 
ciple that  if  the  sides  of  a 
right  angle  lie  upon  the 

extremities  of  a  diameter  of  ~  Fig.  35. 

a  circle,  the  vertex  of  the  right  angle  will  lie  upon  the  circum- 
ference of  the  circle.  This  is  illustrated  in  Fig.  36,  from  which  it 
will  be  seen  that  if  the  block  of  wood  has  been  worked  to  a  perfect 
semicircle,  and  the  edges  of  the  blades  of  a  try-square  or  right- 
angled  triangle  touch  the  semicircular  curve  at  its  extremities, 


Fig.  38. 

the  right  angle  or  comer  will  touch  the  arc  at  some  point,  as h^  ear 
A,  the  angles  alc^  def^  and  ghi  all  being  right  angles. 

To  this  kind  of  plane  the  objection  is  often  made  that  it 
abrades  and  wears  off  the  comers  of  the  semicircle  as  it  is  being 
worked  out.  This,  however,  can  be  practically  avoided  if  the 
following  instructions  are  followed: 
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Carefullylaf  out  the  block  from  which  the  core  box  U  to  beworked.from 
a  ceDterlineon  the  face  of  the  block,  describing  on  each  end  of  the  block 
a  semicircle  of  the  required  radius;  connect  the  eztramea  ot  the  two  end  area 
by  straight  linee  on  the  face  ot  the  block,  as  shown  in  Fig.  37.  Two  very  thin 
strips  of  hard  wood  are  tackedalong  these  lines,  just  outside  ot  the  wood  to  be 
cut  BWBy.BsshowQat  a  and  at  bin  Fig. 38.  These  strips  form  rests  for  the  sides 
□t  the  plane  while  the  heavier  part  ot  the  work  is  being  done.  After  work- 
ing out  the  semicircle  as  far  as  the  strips  will  allow,  as  shown  by  the  dotted 
arc  acb,  the  strips  are  removed,  when  the  work  can  be  finished  without 
materially  aftectiog  the  comers  at  a  and  b. 

Wheu  making  the  finishing  cuts  with  this  plane,  care  must  be 
taken  to  adjust  the  cutter  centrally,  /.  e.,  so  that  it  will  cut  equally 
to  both  right  and  left;  otherwise  the  work  will  not  be  correct.  If, 
however,  the  work  has  been  done  with  care,  the  finishing  may  be 
completed  with  coarse,  and  l^tly  with  fine,  sajidpaper  held  on  a 
cylindrical  block  of  radius  slightly  less  than  that  of  the  required 
core  box. 


Fig.  37. 


The  Router  Plane.  This  tool  will  be  found  very  convenient 
for  smoothing  out  sunk  panels,  for  letting  in  rapping  and  lifting 
plates,  and  for  all  depressions  below  the  general  surface  of  the 
pattern.  It  will  plane  the  bottoms  of  recesses  to  a  tmiform  depth 
from  the  surface  of  the  work,  and  will  work  into  angles  and 
comers  that  otherwise  could  be  reached  only  by  the  use  of  the 
paring  chisel.    It  is  illustrated  in  Fig.  39. 

The  Spoke-Shave.  The  8ix>ke-shave  is  used  by  the  pattern 
maker  for  shaping  and  rounding  out  small  curves  either  convex  or 
concave,  which  cannot  be  reached  with  the  circular  plane.  It  can 
be  found  in  a  great  variety  of  styles,  either  in  metal,  as  shown  in 
Fig.  40,  or  in  wood.  The  all-wood  boxwood  spoke  shave  illustrated 
in  Fig.  41,  without  brass  facing  or  screw  adjustment,  is   to  be 
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preferred  to  all  others  for  the  imttc»ni  maker's  \\m\  c^Rix'cinlly  for 
working  i)iue  or  other  soft  wood. 


Fij?.  39. 

CHISELS  AND  QOUQES. 

The  chisel  enters  so  largely  into  the  work  of  the  pattern  maker 
in  paring  and  shaping  patterns  that  the  quality  of  the  tool  should 


Fig.  40. 


Fig.  4L 

be  of  the  best.  While  carpenters'  chisels  are  made  in  several 
styles,  they  may  be  divided  into  two  general  classes,  socket-faamlled 
chisels,  and  firmer  or  parini:  cliiseis.    The  former  are  illustrated 


Fig.  42. 

in  Fig.  42,  and  are  used  for  framing,  and  for  very  heavy  work  of  aU 
kinds  in  which  the  use  of  a  mallet  is  necessary.  The  oomiDOD 
firmer  or  paring  chisels,  two  styles  of  which  are  shown  in  Fig.  43, 
an.'  the  b(^t  all-round  chisels  for  pattern  work.    Being  lighttar  and 


8U 


24 


PATTERN  MAKING 


thinner  than  the  others,  they  are  better  adapted  to  the  light  work 
on  which  they  are  used;  moreover,  when  used  with  care,  they  will 
answer  every  desired  purpose,  even  for  heavy  work  or  with  a 
niallet. 


Fig.  4a 

The  beveled-edge  chisel  shown  at  a.  Fig.  43,  is  greatly  to  be 
preferred.  It  is  lighter  than  the  other  kind  illustrated,  and 
the  square  angle  being  removed,  the  workman  is  enabled  to 
reach  into  angles  and  under  projections  difficult  to  reach  with  a 


Fig.  44. 


Fig.  45. 

square-edged  tool.  A  set  varying  in  width  from  J  inch  to  |  inch 
by  eighths,  and  from  f  inch  to  1|  inches  by  quarters,  nine  chisels 
in  all,  will  be  found  useful. 

The  paring  gouges  used  in  pattern  making 
are  ground  or  beveled  on  the  inside,  as  shown  in 
Fig.  44.  These  gouges  are  made  in  regular, 
middle,  and  flat  sweeps.  They  are  indispensable 
for  working  out  core  boxes  and  other  curves. 

In  selecting  a  set  of  paring  gouges,  they 
should  be  not  only  of  assorted  sizes,  but  of  differ-  ^*fi^-  *'^' 

ent  sweeps,  so  as  to  work  out  semicircles  and  curves  of  different  radii. 

The  common  firmer  gouge,  illustrated  in  Fig.  45,  is  a  useful 
tool  for  rough  or  heavy  work,  but  in  general  its  use  can  be 
dispensed  with  in  pattern  making. 
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Tlie  manner  in  vhich  the  cbiBel  Ib  need  ie  so  obvious  and 
simple  that  einy  inetniction  in  that  direction  would  seem  xmneces- 


Fig.  16. 
sary.     We  shall  only  say  in  a  f^noral  way  that  in  using  a  chisel 
on  a  flat  surface  or  in  a  recess  it  should  always  be  held  with  the 
flat  or  backof  the  chisel  against  thework;  and,   , 
whenever  possible,  it    should  not  be  pushed 
straight  forward  or  straight  through  an  open- 
ing, especially  when  paring  across  the  giBin  of 
the  wood,  but  should  be  moved  laterally  at  the 
same  time  that  it  is  pushed  forward,  as  indi- 
cated by  the  dotted  lines  in  Fig.  46.     This 
insures  a  shearing  cut,  which,  with  care,  even  i 
when  the  material  is  cross-grained,  will  pro- 
duce a  smooth  and  even  surface. 

As  an  exercise  for  acquiring  the  free  use 
of  the  paring  chisel,  there  is  nothing  better  for 
the  beginner  than  the  simple  half-lap  joint 
shown  in  Fig.  47. 

The  shoulders  or  the  ends  of  the  openings  ^^'  *^ 

must  be  cut  with  a  back  saw.  The  opening  is  then  cat  oat  and 
the  shoulders  smoothed  with  a  wide  chisel,  and  a  perfect  fit 
obtained  by  contiaoed  trials. 
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The  two  dove-tail  joints  shown  in  Fig.  48  may  be  attempted, 
after  having  succeeded  with  the  half-lap;  and  these  exercises  should 
be  continued  by  the  student  until  such  control  of  the  chisel  is  at- 
tained that  this  and  similar  work  can  be  done  with  ease  and  certainty. 
For  laying  out  work  of  this  kind  the  blade  of  a  pocketknife  or 
bench  knife  should  always  be  used.  This  gives  a  clean,  sharp-cut 
angle  for  the  meeting  sides  of  the  joints,  which  cannot  be  obtained 
if  a  scratch-awl  is  used.  The  awl  tears  and  breaks  the  fibres  of  the 
wood,  producing  a  rough,  ragged  angle,  which,  on  fitting,  cannot 
produce  a  smooth  and  close  piece  of  work.  A  pencil  is  equally 
objectionable  because  of  the  indefinite  dimensions  given  by  its  use. 

An  assortment  of  four  to  nine  carver^s  gouges,  front  bent  as 
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Pig.  49. 


shown  in  Fig.  49,  will  be  fomid  necessary  for  working  out  short, 
deep  curves,  and  in  places  where  a  straight  gouge  cannot  be  used, 
as  in  the  core  boxes  for  a  globe  valve,  shown  in  Figs.  222,  223,  227, 
228,  and  similar  work. 

The  full  set  consists  of  nine  tools,  the  curves  of  which  are 
numbered  from  24  to  32.  The  two  extremes,  Nos.  24  and  32,  are 
shown  in  Fig.  49,  and  also  the  shapes  of  the  curves  of  the  seven 
intermediates,  Nos.  25  to  31  inclusive. 

If  desired,  to  save  expense,  each  alternate  tool  might  be 
omitted  from  the  s^t,  only  the  odd  numbers  25,  27, 29  and  31  being 
selected.    For  ordinary  work  these  will  be  found  sufficient. 

SQUARES. 

The  best  try-squares  are  now  made  with  graduated  blades, 
Fig.  50,  and  from  two  inches  to  twelve  inches  in  length  of  blade. 
Several  sizes  will  be  found  necessary,  as   in  many  cases   the 
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blade  muBt  be  short  to  admit  of  its  application  in  pattern  work. 
The  adjustable  try-sqnare,  illustrated  in  Fig.  51,  is  not 
expensive,  and  will  bo  found  to  fill  the  requirements  of  several 
small  squares.  It  is  made  in  two  sizes,  with  graduated  blades 
four  inches  and  six  inches  in  length  respectively.     The  blade  of 
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Fig.  5a 

this  square  can  be  firmly  secured  in  its  seat  at  any  point.  When 
the  blade  is  carried  entirely  to  the  front  of  the  handle,  it  is  like 
an  ordinary  try-square;  and  the  moving  of  the  blade  makes  the 
square  equally  perfect  down  to  one-quarter-inch  length  of  blade, 
or  even  less. 


Pig.  51. 

With  one  adjustable  square  of  this  kind,  six  inches  in  length, 
only  one  8-inc)i  or  one  10-inch   ordinary  square  will  be  found 
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A  atill  more  convenient,  but  slightly  more  expensiva,  form 
of  adjustable  try-square  is  shown  in  Fig.  62.  It  differs  from  that 
shown  in  Fig.  51,  in  being  self-contained,  no  screw-driver  being 
necessary  for  moving  the  blade  or  secDring  it  in  position,  and  also 
becaose  the  blade  can  be  removed  entirely,  and  an  extra  blade. 


Pig.  52. 

shown  in  Fig.  53,  snbstitxited.  The  ends  of  this  second  blade  give 
both  the  hexagon  and  octagon  angles,  which  is  n  matter  of  great 
convenience  to  the  pattern  maker.  Fig.  53  shows  the  hexagon 
'  end  of  the  blade  applied.  Reverse  the  blade  and  the  octagon  end 
will  be  in  position  for  ose. 
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Fig.  53. 


To  the  above  try-sqnares  there  shotUd  be  added  a  carpenter's 
steel  square  24  inches  X  18  inches,  for  nse  in  laying  out  and 
squaring  np  large  stock  and  laige  patterns. 
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BEVELS. 

The  bevel  illustrated  in  Fig.  54,  with  the  clamping  screw  in 
the  end  of  the  handle,  is  the  most  accurate  and  the  most  easily 
adjusted  stylo  of  this  indispensable  tool.  The  blades  are  made 
from  6  to  12  inches  in  length,  and  have  a  slot  in  one  end,  which 
admits  of  that  end  being 
shortened  to  meet  the  require- 
ments of  work. 

The  small  Universal  bevel, 
illustrated  in  Fig.  55,  like  tho 
adjustable  try-square,  is  not 
an  expensive  tool,  and  will 
be  found  generally  useful, 
especially  in  working  the  draft 
on  patterns,  and  in  turning 
the  parts  of  patterns  on  tho 
wood  lathe  which  cannot  be 
reached  with  an  ordinary 
bevel.  Theac(-(yf intheblflde 
increases  its  capacity  and  itse- 
fnlness,  bo  that  any  angle, 
however  slight,  can  be  ob- 
tained. 


One  3-incb    Universal,  and  one 


Pig.  54. 
^-inch  or  10-inch  ordinary 


Fig.  55. 
bevel,  will  meet  all   the   re<iuirements  of  the   pattern  maker  tor 
the  beveled  edges  and  surfaces  and  the  draft  of  pattam  worL 
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MARKING   QAQES. 

The  marking  gage  U  used  for  drawing  a  line  at  a  given 
distance  from,  and  parallel  to,  the  already  tmed  and  jointed  surface 
or  edge  of  a  board  or  piece  of  wood  that  is  being  marked  to  dimen- 
aioQS.    There  are  many  fonuB  of  thia  tool,  but  in  the  "Improved 
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Pig.  56. 


Markii^  Oage,"  illustrated  in  Fig.  56,  the  head  is  reversible. 
The  flat  side  of  the  head  is  osed  for  ordinary  straight  work,  while 
the  reverse  side,  having  the  brass  face  with  two  projecting  ribe, 


Fig.  57. 


Fig.  68. 


Fig.  59. 


^isbles  the  operator  to  run  a  g^e  line  with  perfect  steadiness 
and  accuracy  around  curves  of  any  radius,  either  convex  or  concave 
— a  feature  much  to  be  desired  in  a  pattern-maker's  gage. 
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DIVIDERS  AND  TRAMMELS. 

The  ordinary  wood-worker's  dividers  can  be  bought  in  many 
forms,  the  most  common  being  the  serew-adjustlng  wing  dividers, 
shown  in  Fig.  57.  This  form  is  reliable,  and  is  easily  adjusted  to 
the  required  distance  between  points.  Moreover,  when  damped  by 
the  thnmb-screw,  it  is  not  liable  to  be  altered  by  a  slight  blow 
in  handling. 

Another  and  improved  form  is  shown  in  Fig.  58,  one  leg 
of  which  is  removable  so  that  a  pencil  can  be  inserted.  This  will 
be  found  very  convenient  for  markii^  and  laying  out  work. 


Fig.  60. 


For  spacing  the  teeth  of  gear  wheels,  and  for  other  work 
in  which  great  accuracy  is  reqtured,  a  pair  of  2}-inch  or  S-inch 
dividers,  such  as  are  shown  in  Fig.  59,  will  be  found  necessary. 

The  trammel  is  osed  when  the  distance  between  the  points 
to  be  reached  is  too  great  for  the  ordinary  divideni.  The  trammel 
points  are  clamped  to  a  beam  of  sufficient  length  to  enable  them 
to  be  set  to  the  required  distance  apart.  They  may  be  bought  with 
one  adjustable  point,  as  illustrated  in  Fig.  60;  or  without  the  screw 
adjustment,  as  in  Pig.  61.  The  points  are  removable  for  the 
insertion  of  a  pencil  socket  and  pencil  when  needed. 
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For  very  accnrate  work,  an  excellent  tool  of  this  kind  is 
illustrated  in  Fig.  62.    The  beams  famished  are  4  inches  and 

13  inches  in  length.  By  the  use 
of  the  cone  center,  shown  at  V, 
which  maybe  substituted  for  the 
regular  point,  the  tool  can  be 
used  for  scribing  a  line  around 
any  hole  already  bored — which 
is  sometimes  a  matter  of  great 
convenience.  The  complete  set 
includes  the  pen,  pencil,  straight 
and  bent  points,  and  the  cone 
center,  as  shown  in  the  cut. 

CAUPERS. 

Calipers,  like  dividers,  are 
Fig.  61.  made  in  many  different  forms, 

with  and  without  screw  adjustment.    Fig.  63  illustrates  the  screw- 


Fig.  62. 

adjusting  wing  calipers  for  outside  measurements;  and  Fig.  64 
the  firm-joint  outside  calipers,  used  for  the  same  purpose. 
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Inside    calipers  for    taking    inside    dimensions    and    inside 
distances  are  shown  In  Fig.  65. 


Pig.  65.  Pig.  ca 

The  adjustable  inside  calipera  are  illustrated  in  Fig.  66. 
Calipers  are  used  for  measmring  the  distances  between  points, 
external  and  internal,  when  a  rule  cotdd  not  be  used  with  accuracy. 
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They  are  indispensable  to  the  wood  turner  for  measuring  the 
diameters  of  cylindrical  fonns  and  other  work  while  being  turned 
to  required  dimensions  in  the  lathe.  When  used  by  the  pattern 
maker,  they  may  be  applied  while  the  wood  is  revolving,  until  it 
has  been  reduced  almost  to  the  required  dimensions;  after  which, 
when  the  calipers  are  used,  the  lathe  should  be  stopped,  to  prevent 
the  surface  from  being  marked  by  the  points,  and  in  order  to 
obtain  exact  measurements. 

The  calipers  should  not  be  pushed  or  forced  over  the  piece, 
but  in  passing  over  the  finished  cylinder,  the  points  should  touch 
it  lightly  without  springing  the  legs  of  the  calipers;  otherwise  the 
required  dimensions  cannot  be  obtained  with  accuracy. 

MISCELLANEOUS  TOOLS. 

There  remain  to  be  described  a  few  tools,  which,  while  neces- 
sary, are  so  common  as  hardly  to  require  either  illustration  or 


Fig.  67. 

description.    Among  these  are  the  hammer,  the  best  form  of  which 
for  the  pattern  maker  is  shown  in  Fig.  67,  and  the  mallet,  of 

which  the  best  form  is 
shown  in  Fig.  68. 

A  mallet  that  is  to 
be  used  on  the  handle 
of  firmer  chisels  and 
other  pattern  maker's 
tools,  should  not  be 
made  of  hickory  or  of 


Fig.  68. 


pium-vitae,  nor  have  hard-rubber  or  hard-fibre  facing.    Mallets 
us  made  soon  mar,  splinter,  and  destroy  the  tool-handles  on 
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which  thoy  are  used.  Beechwood  and  maple  furnish  the  best 
material  for  mallet-heads  for  the  use  of  the  woodworker  who  works 
in  pine  and  other  soft  woods.  It  is  true  that  the  mallet-head  will 
not  last  so  long  if  made  of  beech  or  maple  wood;  but  the  chisel  and 
gouge  handles  will  be  protected,  which  is  a  matter  of  much  greater 
imix>rtance. 


Fig.  69. 

Of  the  screw-driver,  illustrati»d  in  Fig.  f)9,  at  least  two  or 
three  sizes  will  be  found  necessary. 

The  scratch-awl,  Fig.  70,  although  used  but  little  at  the 
work-b(inch  (a  knife  being  ustnl  in  its  place  for  all  accurate 
markings),  is  indisix^nsable  to  the  pattern  maker  for  laying  out 
the  dimensions  on  his  work 
while  it  is  revolving  in  the 
turning  lathe.  It  should  be 
long  and  slender,  as  shown,  ^*^*  *^' 

and  is  used  on  the  revolving  wood  by  placing  it  over  the  required 
gradmition  of  the  rule,  while  the  latter  is  held  on  the  tool  rest. 

Brads  and  small  wire  nails  must  often  be  driven  at  such 
an  angle  to  the  grain  of  the  wood,  or  in  such  a  position,  as  to  make 
it  necessary  first  to  bore  a  small  hole  in  order  to  start  the  brad 
in  Vag  requinxl  direction.     The  brad-awl,  illustrated  in  Fig.  71, 


Fig.  71. 

is  a  convenient  tool  for  this  purpose.  It  is  commonly  ground 
to  a  chisel  point,  as  shown  _at  a,  but  will  be  less  liable  to  cause 
splitting,  and  will  work  faster  and  with  greater  ease,  if  ground  to 
a  double  sjx'ar  point,  as  shown  at  b.  The  four  comers,  if  kept 
sharp,  will  enter  the  wood  and  cut  faster  than  the  chisel  point. 
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Side-cutting  pliers,  such  as  are  illustrated  in  Fig.  72,  will  be 
found  convenient  not  only  for  cutting  off  wire  and  brads,  but  for 
removing  small  brads  and  for  holding  small  pieces  while  being 
worked  to  shape. 


Pig.  72. 

Among  the  tools  which  cannot  be  dispensed  with  are  the  brace 
and  an  assortment  of  boring  bits.  The  most  desirable  style  of 
brace  is  the  ratcliet  brace,  illustrated  in  Fig.  73.    The  convenience 

of  the  ratchet  will  soon 
be  apparent  from  the 
necessity,  so  often  aris- 
ing, for  boring  holes  or 
driving  screws  (with  the 
brace)  in  angles  or  close 
to  projections  where  the 
Pig.  7a  f nil  sweep  of  the  brace 

cannot  be  taken.    Braces  are  made  in  many  sizes,  with  sweep 
varying  from  6  inches  to  14  inches  in  diameter. 

A  brace  with  an  8-inch  sweep  is  the  most  convenient  in  size 
for  boring  holes  one  inch  or  less  in  diameter  in  soft  wood.    For 


Fig.  74. 

larger  holes,  and  especially  in  very  hard  woods,  a  10-inch   or 
12  inch  sweep  will  be  necessary. 

Wood-boring  bits  are  made  in  many  styles.    The  most  import- 
ant are  the  auger  bits,  two  styles  of  which  are  shown  in  Fig.  74. 
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They  can  be  bought  in  sizes  running  by  sixteenths  of  an  inch  from 
4  inch  to  1  inch.  For  holes  larger  than  one  inch,  the  No.  2 
extension  bit,  shown  in  Fig.  75,  is  the  best.  It  has  two  cutters, 
and  will  bore  a  hole  of  any  size  from  J  inch  to  3  inches  in  diameter. 


^^ 
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Pig.  75. 

For  screw-holes,  the  gimlet  bit  or  the  twist  drill  for  wood, 
both  of  which  are  illustrated  in  Fig.  76,  can  be  bought  in  all  sizes 
running  by  thirty-seconds  of  an  inch  from  -^  inch  up  to  §  inch. 


Pig.  76. 

The  brace  screw-driver,  and  also  the  brace  countersink  for 

screw-heads,  are  important  tools.    They  are  shown  in  Fig.  77,  and 
can  be  bought  in  large,  medium,  and  small  sizes. 


Fig.  77. 

The  half-round  cabinet  file  and  half-round  cabinet  rasp,  shown 
in  Fig.  78,  enter  largely  into  the  work  of  the  pattern  maker,  and 
should  be  bought  in  sizes  each  of  6  inches,  8  inches,  and  10  inches. 
Larger  as  well  as  intermediate  sizes  may  often  be  found  necessary, 
but  will  not  be  needed  for  ordinary  work. 
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Every  pattern  shop  ehould  have  at  least  one  dozen  each  of 
three  or  four  different  sizes  of  hand-screws  or  clamps  similar  to 

""^ -^   that  shown  in  Fig.  79.     Those  are  adjustable 

throngb  wide  ranges.  They  are  used  for 
clamping  together  the  material  that  is  being 
glued  up  to  form  the  different  jKirts  of  a 
pattern,  and  are  convenient  also  for  many 
other  purposes.  The  all-iron  0  damp,  shown 
in  Fig.  80,  is  sometimes  xiseful  in  positions 
that  are  hard  to  reach  with  a  hand-screw. 
The  method  of  atljusting  and  of  using  the 
hand-screw  will  be  fully  explainetl  later. 

RULES. 

For  all  onlinary  measurements,  a  2-foot, 
folding  standard  rule.  Fig.  Si,  will  be  suffi- 
cient, but  th  is  rule  must  not  be  ustxl  for  laying 
out  or  for  working  patterns,  or  any  part  of  a 
pattern  or  core  box,  to  the  required  dimen- 
sions. For  all  such  purposes  a  shrinkage 
rule  must  be  used.  The  reasons  are  that 
when  a  mould  mitdo  from  the  wooden  iiattem 
ill  the  sand  is  filled  with  molten  metal,  its 
tcmixirature  is  very  high,  and  as  it  cools  and 
solidifies  it  contracts.  Accordingly,  to  com- 
ix'usate  for  this,  the  ijattem  maker  must  add 
to  the  size  of  the  pattern.  In  order  that  this 
mjiy  be  done,  and  exact  relations  nevertheless 
be  maintainetl  for  all  dimensions,  a  shrinkage 
rule  is  used.  This  rule  is  marked  off  exactly 
like  an  ordinary  rule;  but  if  the  two  are  com- 
pared, the  shrinkage  rule  will  be  found  to  be 
about  \  inch  longer  than  the  other  for  each 
foot  of  length. 

The  contraction  or  shriiikagLi  of  different 
metals  in  thf  moulds  varies  greatly,  tliat  for 
cast  iriJii  bring,  as  above  statwl,  J  inch  to  each  foot.  For 
brass,   however,   the   shrinkage    is  A  i'l^h  to   the   foot;  and  for 
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many  of  tlie  softer  mutals    it   is   as  great   as   J   inch   per  foot. 
Slirinkage  nih^s.  Fig.  82.  are  usually  made  of  a  single  piece 
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of  boxwood  or  beech,  thoee  for  cast  iron  being  24J  inches  long, 
for  brass  24|  Indies  long,  and  for  other  soft  metals  24J  iuches 


in  length.     They  can  also  b<?  bought  madi' of  tenipi-reil  steel  12J 
intrhes.   ]2,V  inflies,  itiid  12^   itirlt.-s  in  ].'iit,'th.     Tn   nuikin-;  use 


of  the  shrinkage  nile,  the  worknum  will  proceed  just  as  though 
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he  were  using  a  standard  rule;  and  when  the  pattern  is  cx>mpleted 

it  will  be  found  to  be  larger  in  all  its  dimensions,  j'list  in  projxjrtion 


as  th9  extra  length  of  the  shrinkage  rule  mnkes  it  greater  than 
the  standard  rule 

OIL    STONES. 

Aq  before  stated,  new  planes,  chisels,  and  other  edged  tools, 
if  of  the  best  quality,  are  always  sold  ground  and  sharpentHl,  ready 
for  use.  When  used,  however,  they  soon  become  dulled,  and  most 
then  be  resharpened,  and  be  so  kept  as  to  have  a  smooth,  keen 
cutting  edge,  in  order  to  do  goofl  work  and  to  work  rapidly.  The 
method  employed  for  doing  this  is  the  same  for  all  edged  tools, 
whether  ground  and  sharpened  on  one  side  or  on  both  sides. 

Oil  stones  are  used  for  plane-irons,  chisels,  and  all  flat  and 
straight -edgi-d  tools;  and  oil  slips,  having  romided  etlges,  for 
gouges,  and  for  all  tools  having  cuired  edges,  They  are  made  of 
different  sizes,  and  may  be  found  of  many  and  widely  different 
qualities.  The  best  known  and  most  widely  used  oil  stones  in  this 
countrj'.  and  perhaps  in  the  world,  are  the  "Washita,"  of  which 
the  "Lily  White  Washita"  brand,  being  carefully  selected,  are  the 
most  even  in  grade  and  quality,  and  are  the  best-adapted  natural 
stone  for  woodworkers'  tools. 

The  Arkansas  oil  stones  are  claimed  to  be  the  hardest  and 
finest  oil  stones  in  the  world,  They  are  composed  of  nearly  pure 
silica  in  the  form  of  uiiimte  crystals  interpenetrating  one  another, 
and  differ  from  the  Washita  only  in  the  minuteness  of  the  crystals 
and  in  their  more  compact  arrangement.  They  are  consequently 
very  much  harder  and  cut  hardened  steel  more  slowly  than  coarser 
grades  of  stone,  but  inqjart  a  finer  and  smoother  edge  to  the  tool. 
They  are  used  by  wood -carvers,  engravers,  watchmakers,  and  others 
using  tools  that  require  a  very  fine  edge  or  point.  They  are 
expensive,  and  should  be  used  carefully  with  equal  parts  of  sperm 
oil  and  glycerine. 


For  wood  tnmers'  und  pattern  makers'  tools,  the  sharpening 
qualities  of  thu  "Washita"  are  unsurpassed;  but  the  quality  differs 
greatly  in  stones  sold  under  this  name,  some  being  uneven  in 
hardness,  and  some  soft  and  worthless.  No  trouble  will  be  found, 
however,  if  some  good  selected  brand  such  as  the  one  mentioned 
above  is  chosen.  A  good  size  for  an  oil  stone  is  6  inches  to  8 
inches  in  length,  and  from  1§  inches  to  2  inches  in  width.  The 
thickness  does  not  matter,  but  the  stones  usually  vary  from  |  inch 
to  1\  inches  in  thickness. 

The  oil  slip  shoidd  be  about  4J  inches  in  length,  and  from  1| 
inches  to  2  inches  in  width,  tapering  from  g  inch  on  one  edge  to  -^ 
inch  on  the  other,  both  edges  being  roiuide<l  as  showni  in  Fig.  83. 

In  using  the  oil  stone,  care  should  be  taken  to  Aold  the  bevel 
of  the  tool  fi^t,  or  nearly  fiat,  on  the  stotie,  bo  that  the  cutting 
edge  may  be  kept  thin  and  in  easy  working  condition,  The  stono 
is  held  stationary  on  the  work-bench,  and  the  tool  is  moved  for- 
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ward  and  backward  over  its  face.  In  the  use  of  the  oil  slip,  on 
the  other  hand,  the  tool  is  held  stationary,  with  the  cutting  edge 
or  end  up,  and  the  slip  is  rubbed  over  the  beveled  surface  with  a 
circular  motion  or  stroke,  until  a  keen,  sharp  edge  has  again  been 
imparted  to  it.  An  abundance  of  oil  should  always  be  used  in 
order  that  a  finer  and  smoother  edge  may  be  given  to  the  tool,  and 
the  pores  of  the  stone  be  kept  clean  and  free  from  glazing. 

In  the  last  few  years  an  entirely  new  variety  of  oil  stone  and 
oil  slip  has  been  placed  on  the  market.  It  is  called  the  India  oil 
stone,  and  is  made  from  conmdum,  the  hardest  of  all  mineral  sub- 
stances except  the  diamond.  These  stones  have  wonderful  cutting 
qualities,  and  differ  greatly  from  other  oil  stones  in  that  they  cut 
steel  much  faster,  impart  better  edges,  and  do  not  glaze.  They 
are  also  of  uniform  testure  throughout.  India  oil  stones  are 
furnished  in  three  grades — coarse,  medium,  and  fine — and  in  all 
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required  shapes,  a  few  of  which  are  shown  in  Fig.  84.  Only  the 
"fine"  stones  are  adapted  for  woodworking  tools  and  for  those 
classes  of  tools  requiring  a  fine  cutting  edge. 

GRINDSTONES. 

Second  in  importance  to  a  good  oil  stone  is  the  grindstone, 
power-driven  if  possible.  It  should  not  be  too  close-grained.  A 
rapid-cutting  stone,  even  if  moderately  coarse,  is  greatly  to  be 
preferred,  as  all  ground  edges  must  be  finished  on  the  oil  stone 
however  finely  they  may  have  been  ground  on  the  grindstone. 

A  stone  about  36  inches  in  diameter  when  new,  is  a  good  size; 

and  can  be  bought  with  a  suitable  cast- 
iron  trough  xmdemeath,  and  also  with 
an  arrangement  for  supplying  the  water 
necessary  to  keep  the  stone  wet. 

In  all  stones  there  will  be  foxmd 
.  -^  >    -J*  ^'^■r=>T  great  diflPerences  of  hardness  in  diflPerent 

I  J  I P  parts.    Stones  soon  lose  their  cylindrical 

;  shape  and  must  be  turned  true.    A  piece 

^x^  ^^><0\    ^f  gas-pipe  or  an  old  file  will  be  foxmd 

/\^  \^j^    excellent  tools  for  this  purpose,  but  they 

must  be  used  without  water. 

In  using  the  grindstone  for  plane- 
irons,  chisels,  and  other  tools  that  must 
be  ground  with  a  long  bevel,  or  to  a  thin 
edge,  it  is  better  to  stand  so  that  the 
stone  runs  toward  the  cutting  edge  of 
Fig.  84.  the  tool,  as  shown  in   Fig.  85.    This 

position  grinds  the  tool  much  faster,  and  less  of  a  feather  will  be 
turned  up  on  the  final  edge. 

Scraping  tools,  however,  and  indeed  all  tools  having  a  very 
short  bevel,  or  whose  edges  are  ground  to  a  very  obtuse  angle,  may 
he  held  so  that  the  stone  will  revolve  away  from  the  cutting  edge 
of  the  tool,  this  position  being  less  liable  to  cut  hollows  in  the 
face  of  the  stone.  This  method  of  grinding,  however,  is  too  slow 
for  tools  having  a  long  bevel,  and  which  for  that  reason  require 
more  grinding. 
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When  to  use  the  grindstone  is  a  question  that  often  occurs 
to  the  beginner,  who  sometimes  confuses  the  use  of  the  grindstone 
with  that  of  the  oil  stone.  The  grindstone  is  not  in  any  sense  an 
instrument  for  sharpening  woodworkers'  tools.  When  a  chisel 
or  a  plane-iron  has  been  sharpened  on  the  oil  stone  for  several 
successive  times,  the  bevel  is  gradually  worn  shorter,  and  its  shajx) 
changed  from  that  shown  at  «,  Fig.  86,  to  a  shape  similar  to  that 


C 


Fig.  85.  Fig.  86. 

shown  at  h.  When  the  length  of  the  bevel  is  thus  reduced,  the 
angle  of  the  cutting  edge  is  too  obtuse  to  do  good  work,  or  to  work 
easily.  The  metal  at  c  must  then  be  ground  off  on  the  grindstone, 
and  the  bevel  of  the  tool  restored  to  its  former  correct  shape 
as  shown  at  a^  after  which  the  cutting  edge  must  be  sharpened  and 
finished  on  the  oil  stone. 

LATHES. 

Of  all  power-driven  machines,  the  most  indispensable  to  the 
pattern  maker  is  the  wood  turning  lathe.  In  a  small  shop  where 
small  patterns  only  are  made,  a  14-inch  or  a  16-inch  speed  lathe, 
such  as  is  shown  in  Fig.  87,  may  prove  sufficient  for  all  purposes; 
but  if  only  one  lathe  can  be  afforded,  it  should  be  a  regular  pattern- 
maker's lathe,  similar  to  that  illustrated  in  Fig.  88. 

The  latter  differs  from  the  speed  lathe  in  that  the  head-stock 
spindle  extends  through  the  left-hand  bearing,  and  is  fitted  to 
receive  face-plates  and  chucks,  the  same  as  on  the  inside  end. 

The  arrangement  of  the  coxmtershaft  is  also  such  as  to  give  a 
much  wider  range  of  speed  to  the  lathe  head,  so  that  pieces  of 
very  large  diameter  may  be  turned  at  a  speed  proportioned  to 
their  sizes.  These  lathes  are  also  fitted  with  a  hand-feed  slide  rest 
— either  compound,  as  shown  in  the  illustration,  or  a  plain  sliding 
tool-holder  moved  by  a  rack  and  pinion,  as  may  be  desired.  The 
tail  stock  is  so  arranged  as  to  be  adjustable  for  turning  long 
cylinders,  either  tapering  or  straight,  as  may  be  required.    When 
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not  in  use  the  elide  rest  may  be  removed  from  the  lathe,  and  the 
ordinary  tool  rest  and  rest  socket  substituted  in  its  place  for  hand 
taming. 

The  speed  at  which  a  lathe  should  be  run  is  always  indicated 
by  the  mantifactnrer,  the  countershaft  usually  running  at  a  speed 
of  500  to  550  revolutions  per  minute. 

A  variety  of  chucks  and  face-plates,  used  for  holding  the 
work,  are  always  furnished  with  a  lathe.    Some  of  these  are  shown 


Pig.  87. 

in  the  ei^raving,  the  ecrew  chuck  being  shown  at  a,  Fig.  88;  and 
two  of  this  iron  fficL'-pljitfs  are  shown,  on<'  on  each  rnA  of  the  spindle. 
Bat  in  atlditlon  to  theac  facc-phitos,  which  ri>ii!ly  form  the 
base  only  for  chucking  the  pattt-ni,  wooden  chucks  must  be 
used  inttrmediatii  butwowCttSLiB"!  Ead-'-pluto  ami  the  pattern. 
Thrse  wooden  faoe-idBlMfl|B^^Mteted  in  a  varii'ty  of  ways  by 
ditteTesilsBittf^gtl^^^^^^^^^^gl/ff^*^^^>^  it       lu-cossary  to 
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use  only  a  plain  board  J  inch  to  1 J  inches  in  thickness  and  of  a 
slightly  greater  diameter  than  the  required  pattern.  This  board  is 
screwed  fast  to  the  iron  face-plate  as  shown  in  Fig.  89,  to  which, 
after  being  placed  in  the  lathe  and  turned  true,  the  pattern  is 
attached,  as  will  be  fully  illustrated  and  described  farther  on.    For 


.1. 
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patterns  of  a  medium  size,  say  20  inches  to  30  inches  in  diameter, 
the  board  should  be  stiffened  by  means  of  a  wide  wooden  bar  firmly, 
screwed  across  the  back,  as  in  Fig.  90. 

When  chucks  are  needed  for  very  large  or  heavy  work, 
the  chuck,  in  order  to  prevent 
vibration,  must  be  strong  in 
proportion.  It  is  best  made 
as  illustrated  in  Fig.  91,  in 
which  the  front  of  the  chuck, 
as  shown  at  a,  will  be  least 
affected  by  the  moisture  in  the 
air  if  left  uuglued,  or  at  best 
only    tongued    and    grooved.  Fig.  89. 

being  held  together  by  the  cross-bars  only,  as  shown  at  J,  to  which 
it  is  firmly  screwed,  without  glue.  This  chuck  is  simple  and  cheap, 
and  will  be  found  in  practice  much  stronger  and  more  rigid  than 
one  built  up  out  of  sectors  or  in  a  more  elaborate  way. 
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LATHE    TOOLS. 

Of  lathe  hand  fools  the  first  to  be  considered,  as  also  the  first 
to  be  used,  is  the  couge.  It  is  used  for  redncing  the  stock  to 
be  tamed,  from  a  roogh  or  rectangular  shape  to  a  cylindrical  form, 
'preparatory  to  smoothing  and  finishing.  It  is  ground  and  beveled 
on  the  back  or  oonvei  side,  and  the  shape  of  the  cutting  edge 
should  be  of  the  same  eurva- 
tnre  as  the  inside,  or  upper 
side,  of  the  tool.  Oouges  are 
made  in  all  sizes,  one  of  which 
is  illustrated  in  Fig.  92;  but 
for  the  pattern  maker's  use 
four  gouges,  ranging  from 
i  inch  to  IJ  inches,  will  be 
found  snfficit'nt  for  all  pur- 
poses. 
Before  using  the  gouge,  and  indeed  any  lathe-cutting  tool, 
the  workman  should  take  care  to  see  that  the  tool  rest  has  been 
elevated  above  the  center  line  of  the  lathe  centers,  from  J  inch  for 
small  work  to  1  inch  or  more  for  large  work.  The  position  of  the 
gOT^,  when  in  use,  is  horizontal  and  at  about  a  right  angle  to  the 
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a  Fig.  81.  5 

tool  rest.  It  should  not,  however,  be  luid  on. the  rest  so  as  to  use 
only  the  extreme  point  of  the  tool,  but  should  bo  tilbMi  ov(;r,  first 
to  one  side  and  then  to  the  other,  bo  as  to  bring  nil  piirts  of 
the  cutting  edge,  snccessively,  in  contact  with  the  wooil  tliat  is 
being  turned. 
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The  gouge  may  be  used  by  the  beginner  without  hesitation, 
as  in  no  position,  whether  tilted  or  on  its  back,  will  it  catch  or  rip 
into  the  wood.  The  tool  should  be  held  firmly  by  the  extreme  end 
of  the  handle,  in  the  right  hand,  while  the  left  hand  rests  against 
the  tool  rest,  the  blade  of  the  tool  being  grasped  lightly  with  the 
fingers,  and  pissing  through  and  imder  the  left  hand  while  resting 
on  the  tool  rest. 


Fig.  92. 

The  turning  gouge,  being  curved,  can  bo  used  only  as  a 
roughing-down  tool  or  for  turning  out  hollows,  and  cannot  be  used 
for  finishing.  It  will  not  make  a  straight,  true,  or  smooth  surface. 
For  this  purpose,  in  common  and  ornamental  turning,  the  skew 
chisel,  one  size  of  which  is  shown  in  Fig.  93,  is  used.  This  form 
of  chisel  is  made  in  all  sizes  from  J  inch  to  2^  inches  in  width,  but, 
imlike  the  gouge,  requires  considerable  practice  and  skill  for  its 
successful  use. 


I  I     I   I  "^^■^'"■"^■■"^■^*^— ^^— ilL^— i— ^■— "^^ 


Fig.  93. 

The  skew  chisel  is  held  slightly  tilted  so  that  while  the  short 
edgc>  of  the  blade  touches  the  tool  rest,  the  long  edge  will  be 
slightly  above  the  rest,  so  that  the  long  comer  of  the  skew  point 
extends  vp  and  well  over  the  cylinder  which  is  being  smoothed, 
thus  preventing  the  long  skew  point  from  catching  and  tearing 
into  the  work.  All  the  cutting  must  bo  done  with  the  short  part 
of  the  skew  cnlge,  say  one-half  inch  only  of  the  cutting  edge, 
the  tool  resting  not  only  on  the  tool  rest,  but  resting  also  firmly 
on  tlu^  cylinder  that  is  being  turned,  just  as  a  plane  rests  on  a 
board  while  cutting  and  removing  the  shavings  from  its  surface. 
The  right  ix>sition  for  this  tool  is  hard  to  obtain  at  first,  and  can 
be  acquinnl  only  by  patient  and  continued  practice.  In  no  case, 
however,  should  the  skew  chisel  bo  held  flat  on  the  tool  rest, 
or  used  as  a  scraper,  this  not  being  allowable  or  good  practice 
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either  in  common  or  in  ornamental  turning.  One  skew  chisel 
each  of  the  J-inch,  |-inch,  1-inch,  and  l|-inch  sizes  will  be  found 
sufficient  for  aU  oidinary  work. 

While  the  skew  chisel  works  with  great  rapidity  and  does 
smooth  and  very  satisfactory  work  in  all  kinds  of  ornamental 
turning,  the  dimensions  obtained  with  this  tool  are  not  so  accurate 
for  pattern  work  as  those  obtained  by  the  regular  pattern  maker's 
scraping  tools.  These  tools,  whatever  may  be  the  shape  of  the 
points  or  cutting  edges,  are  all  flat  like  the  skew  chisel,  and  are 

ground  or  beveled  on  one  side  only. 
Indeed  there  is  no  better  wide  scraping 
tool  for  large  surfaces  than  a  common 
firmer  chisel  after  it  has  been  worn 
short  so  as  to  be  free  from  vibration. 

Scraping  tools  are  made  in  many 
forms  and  shapes,  and  are  ground  by 
the  workman  to  suit  the  requirements 
of  his  work.    A  few  of  the  many  shapes 
Fig.  94.  in  common  use  are  illustrated  in  Fig.  94. 

These  tools  should  be  ground  with  a  very  short  bevel,  and 
must  be  sharpened  much  oftener  than  a  cutting  tool.  The 
revolving  wood,  passing  at  right  angles  to  the  sharp  edge  wears 
it  away  more  quickly  than  it  can  a  cutting  tool,  for  the  latter  is  also 
worn  away  on  the  slanting  side  of  the  bevel. 
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Fig.  95. 

A  very  necessary  tool  for  all  kinds  of  wood  turning  is  the 
parting  or  cutting-off  tool,  sho^Ti  in  Fig.  95.  This  is  used  as 
a  scraping  tool  for  cutting  recesses  in  the  work  and  for  cutting  off 
finished  work  from  the  face-plate,  and  will  also  be  found  useful 
for  many  other  purposes. 

SAWING  MACHINES. 

As  a  time-saving  and  labor-saving  machine  a  good  circular 
saw  bench  is  necessary  in  every  well-equipped  pattern   shop. 
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The  saw  bench  of  which    two   views  are  shown  in  Fig.  96,  is 
xmsurpassed  in  capacity  and  in  the  variety  of  work  for  which  it 
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Fig.  9G. 

may  be  used.     It  is  provided  with  two  saw  arbors,  one  of  them 
carrying  a  rip  and  the  other  a  crosscut  saw,  either  of  which  can 
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easily  and  quickly  be  raised  to  a  catting  position.  The  front  half 
of  the  table  is  made  to  slide,  while  the  whole  table  can  be  tilted  to 
an  angle  of  45°,  and  will  re- 
main in  any  position  desired 
without  clamping.  As  shown, 
it  is  provided  with  adjustable 
gages  for  crosscntting  or 
mitering,  and  with  an  adjust- 
able fence  for  ripping,  all  of 
which  are  removable  at  will, 
leaving  the  whole  upper  sur- 
face of  the  table  clear.  Fig.  97 
gives  a  view  of  the  table  from 
above.  As  in  the  case  of  the 
tnming  lathe,  the  intended 
speed  of  the  saw  countershaft 
is  indicated  by  the  manufac- 
turer. 
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The  single-arbor  circular  saw  bench  shown  in  Fig.  98 
is  B  less  espensive  machine  than  that  just  described;  but 
the  time  lost  in  having  continually  to  change  the  saw  on  the 
single  arbor  from  .rip  to  crosscut  and  back  again  for  pattern 
work,  is  a  very  annoying  as   well  as  expensive  inconvenience. 


BAND  AND  SCROLL  SAWS. 

A  good  band  saw,  ench  as  the  one  illustrated  in  Fig.  99,  is 
indispensable  for  cutting  the  curves  and  irregular  shapes   that 


form  a  part  of  so  many  patterns. 


The  best  machines  of  this 
description  have  a  tilting  table 
which  can  be  set  and  clamped 
at  any  angle,  enabling  the 
workman  to  give  the  required 
level  or  draft  to  his  work. 
With  a  sharp  and  well 
kept  saw,  there  is  no  more 
rapid  or  correct  method  of 
cutting  out  and  making  cir- 
cular core  boxes  of  all  sizes 
whose  length  is  within  the 
capacity  of  the  machine.  The 
block  from  which  the  core  box 
is  to  be  made  must  be  cut 
perfectly  square  on  the  end 
that  is  to  rest  on  the  saw 
table;  and,  if  this  end  of  the 
block  is  not  large  enough  to 
give  sufficient  base  to  hold  it 
in  an  npright  position,  the 
Fig.  9B.  block  can  be  supported  against 

the  blade  of  a  try-square,  or,  better  still,  against  a  wooden  bracket 

made  for  the  purpose. 

The  scroll  saw,  illustrated  in  Fig.  100,  is  necessary  for  cutting 

inside  curves  and  openings  in  which  a  band  saw  could  not  be  used. 

Like  the  band  saw  it  should  have  a  tilting  table.     Where  both  saws 

cannot  be  afforded,  the  scroll  saw  will  take  the  place  of  both. 
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While  not  working  bo  rapidly  as  the  continuously  cutting  blade 
of  the  band  saw,  it  is,  when  kept  sharp  and  in  good  nmning 
oonditicxi,  a  great  time-  and  labor-saving  machine. 

PLANINQ   MACHINES. 

Because  of  the  fact  that  pattern  limiber  can  be  bonght  already 
dressed  to  any  required  thickness,  a  planing  machine  is  not  fonnd 
.  ineverypattemshop.  Theoidi- 
nary  eorface  planer,  however, 
will  not  take  the  twiet,  or  wind 
(»  as  in  find),  and  the  curves 
ont  of  the  snrface  of  the  lumber 
—a  matter  of  very  great  import- 
ance in  pattern  work,  and  one 
which  requires  a  great  deal  of 
time  if  the  planing  is  done  by 
hand. 

The  hand  planer  and  Jointer, 
illostrated  in  Fig.  101,  is  almost 
indispensable,  not  only  for  fac- 
ing the  sides  of  boards  perfectly 
true,  straight,  and  free  from 
wind,  bat  also  for  jointing  the 
edges,  and  for  making  i^erfectly- 
fitting  glue  joints  In  a  manner 
superior  to  any  hand  work. 
These  machines  can  be  bought 
in  widths  of  from  twelve  to  thirty 
inches.  A  machine  sixteen 
inches  wide  is  a  very  desirable 
size  for  pattern  work. 

It  will  readily  be  suon  that 
the  nmning  of  a  board  over  the 
Fig.  100.  hand  planer,  while  facing  the 

surface  straight  and  true,  will  not  reduce  the  piece  to  a  uniform 
thickness.  To  avoid  the  necessity  for  much  band  work  in  accom- 
plishing this  result,  first  face  the  piece  on  the  hand  planer  so  us 
to  make  one  true  side,  and  then  run  it  through  a  surface  jtlaner 
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Bimilar  to  the  one  illuBtrated  in  Fig.  102.  If  they  can  he  afforded, 
both  of  these  machines  (especially  the  hand  planer)  will  retnm 
lai^e  profits  on  the  money  invested  in  them,  because  of  the  time 


Pig.  101. 


and  labor  saved  and  the  superior  qnality  of  the  work  done. 

Among  the  many  labor-saving  tools  of  late  years,  there  is 
perhaps  none  more  popular  and  none  more  indispensable  in  a 


Pig.  loa. 


pattern  shop  than  the  universal  wood  trimmer.  It  will  cut  any 
end  or  angle  within  the  capacity  of  the  machine;  and  an  end 
which  would  take  from  ten  to  fifteen  minutes  to  square  and  tnw  up 
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"ortecUy  by  hwjJ  vith  square  and  plane  or  chisel,  can  be  finished 
t«  ■»  MMny  flcootids  with  this  tool.  It  is  made  in  many  sizes,  from 
Ike  mial]  brnoh  trimmer,  two  views  of  which  are  showu  in  Fig.  10':!. 
to  HM'  Uigc  tiMchine  illustrated  in  Fig.  101.  The  former  will  out 
V  tadns  wide  *nA  S  inches  high.  The  larger  machine  will  cut  20^ 
k  ««!•  «nd  to  a  height  of  7^  inches. 


Pig.  103— Bear  Vi»w. 


The  small  No.  0  machine,  shown  in  Fig.  103,  is  bo  com- 
paratively inexpensive,  and  the  time  it  will  save  so  great,  to  say 
nothing  of  the  quality  of  the  work  produced,  that  it  should  be  on 
the  bench  of  every  pattern  maker.  These  machines  will  cut  the 
acute  angles  between  45"  and  90°,  and  the  obtuse  angles  between 
90"  and  135°.  
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Fig.  IM. 
METHODS  OF  MOULDINQ. 

As  has  already  been  said,  it  is  necessary  that  the  pattemiuaker 
should  have  some  knowledge  of  moulding  in  order  that  he  may 
construct  his  patterns  bo  that  they  can  easily  be  removed  from 
the  Band.  A  brief  description  of  the  general  method  employed  will 
Gee. 

Ordinarily,  a  casting  is  made  in  a  flask    consisting  of  two 

Jts,  each  containing  its  complement  of  sand.     The  upper  part  is 

died  the  cope,  and   the  lower   part  the  nowell  or  drag.    The 

Bittern  IB  sometimes  made  in  two  pieces  that  part  along  the  line 

separating  the  cope  and  the  drag.     Thus  in  Pig.  105  the  pattern 

separates  with  the  flask,  on  the  line  A  B;  and  when  so  separated. 

the  cope  is  turned  upside  down  and  the  portion  ot  the  pattern  C  is 

r  lifted  out.     The  part  D  is  lifted  out  ot  the  drag  in  the  same  way. 
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Id  the  case  of  maaUlibK  n  luAhtw  <iii'yi^,  th'-  iuiKtnal  cantf  m 
the  casting  is  fortin^l  liy  nx-nnH  tA  h  <\ry  wifi'l  «m»,  whi'^h  i 


impressions  mntli 


r1   \iy  can  prints  nlUir\u^  to,  t 
tiimiiiin  h    imrt    ut,  tli« 
To  fllmttnit.' tlih,  Itrt  it  b»- 1 
I/,  fjuit  tliB  hoilim  cyXindirr  a 
in  Fii(.  U»->.     TJi"  wr«(d.'ii  ] 
F<g.  l(t).  iM^'ifHwry  t<»  imxim-ii  thi»  I 

cyliiidi^r  is  shown  in  f'ig.  UfJ,  whinli,  on  will  Ni  urnm,  repi 
the  cyliudiT  only  cxU-mally  Iiy  tli«  (Xft  A. 

Tht?  core  priiitii,  nru:  mi  t'i»«h  iifl  *rf  A,  nnt  rfpnwfiit'Kl  by* 
and  y.  Tbest^  jirojoctions  tunn  inrltit  ltit<  |«iti-rii,nrid  in«ku  tbeir 
impresBioDB  in  the  eand  with  th"  jmri  A,  wHIHi  uloite  nymaealm 
the  reqaired  cjiioder.  Tli.-  c«i«  boa.  In  whi<'li  flm  dry  Mud  cow 
ia  funned,  is  shown  ia  Fi^.  IflH.     TIim  Ihti^Ui  of  thu  ioiiidfi  of  ibe 


Fig.  108.  Kiir.  lift. 

box  will  bo  the  extrem:-  len^h  nt  thu  |i(iit"ni  iii<'lndiii((  ir  und  y, 
and  the  iuside  width  will  1^:  th«  exiu't  diuiin'tcr  "f  tint  com  prints. 
In  this  case,  the  core  bi'iiig  a  cyliiirlcr,  tmly  n  hiilf  coni  box  (Fig. 
108)  is  v.3ed.  In  it  are  madu  two  ix'ml-i'ylitjdrii'iil  con-s,  which, 
after  bi-ing  dried,  are  cemeiite<l  to^ether,  thiw  foniiiri^  tht:  com- 
plete cylindrical  core  requinil. 

To  mould  this  halved  or  jmrff/l  jMittiTti.  bk  it  is  wilted,  the 
nppiT  half  of  the  i»ittt;m  is  laid  oh  the 
mo;:Idiug  hoard,  and  the  rf/«y  is  tuniitl 
over  it  with  the  bottom  aide  of  the  drii(4 
up  and  the  parting  aide  on  the  mould- 
ing board,  as  shown  in  Fig.  109.  AftiT 
b^'lng  "rammed  up,"  the  dnig  and  monid-  Fi^.  \(m. 

ing  board  are  tunitil  ovi  r  and  the  Imard  r'inoved,  whea  the  part- 
ingof  the  pattern  will  be  expoeetl,  thu  half  pattern  being  imbedded 
iu  the  aund. 
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The  second  half  of  the  pattern  Ib  now  placed  in  position  on 
the  first,  and  dry  parting  sand  is  spread  over  the  sorface  of  the 
wet  or  "green"  sand;  the  cope  is  put  in  position  on  the  drag,  as 
shown  in  Fig.  110,  and  rammed  up.     Upon  the  cojie  and  the  dr^ 


\X\v\vv- :—.      .:Mm 


Fig  110 

being  separated,  the  sand  will  separate  on  the  line  to  which  the 
parting  sand  has  been  applied,  which,  as  will  be  seen,  is  the  line 
of  parting  of  the  cope  and  the  drag,  one  half  of  the  pattern  remain- 
ing in  each. 


P]glU 

After  the  pattern  has  been  removed  (one  half  from  the  cope, 
and  the  othcir  half  from  the  drag),  the  completed  dry  sand  core  is 
placed  in  the  moulds  made  by  the  core  prints  x  and  y.  Thia  core 
B  is  shown  in  position 
in  Fig.  Ill  and  entirely 
fills  tho  [Hirls  of  the 
1  madt-  by  x  and  y, 

Ijitwefu    'tself  Fig,  112. 

of  the  mould  made  by  A,  room  for  the  metal  to 
is  to  form  the  required  cylinder, 
he  above  cylinder  it  is  not  necessary  that  the 
parted  (made  in  two  halves)  as  shown  in  Fig. 
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107.  Patterns  for  Bmall  work,  and  even  for  large  casting,  are 
often  made  in  one  piece,  as  shown  in  Fig.  112.  To  mould  this 
solid  pattern  it  is  placed  on  the  monlding  board  with  sufficient 


nH 


Fig.  iia 


Fig.  114. 


sand  to  keep  it  from  rolling,  and  the  drag  is  inverted  over  it  as 
before.  When  the  drag  has  been  rammed  up,  it  is  turned  over, 
and  will  then  present  the  appearance  shown  in  Fig.  113,  the  entire 
pattern  being  embedded  in  the 
sand.  The  sand  is  now  cut  away 
and  removed,  as  shown  in  Fig.  114, 
down  to  the  center  lino  of  the 
'  pattern.  Thecutsandissmoothed; 
and,  after  dry  parting  sand  has 
been  applied  to  the  surface  of  the 
wet  sand,  the  cope  is  placed  in 
Fig.  115.  position  and  rammed  up  as  usual. 

Upon  the  cope  being  removed,  the  sand  will  part  along  the 
lines  d  e  and  c  d,  leaving  one-half  of  the  entire  pattern  exposed. 
The  pattern  can  now  be  lifted  out,  the  core  placed  in  position. 


Fig.  116. 

and  the  cope  returned  to  its  place  on  the  drag,  when  it  is  ready  for 
the  pouring,  as  in  Fig.  111. 

Another  example  of  a  one-piece  pattern  is  the  small  brass  hand 
wheel  shown  in  Fig.  115.     The  pattern  for  this  wheel  is  placed  ou 
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the  moulding  boanl,  and  the  drag  inverted  over  it  and  rammed  np. 
After  the  drag  has  been  turned  over,  the  6aad  is  cut  away  and 
removed,  not  only  down  to  the  center  of  tlie  rim,  but  also  to  the  cen- 
ter line  of  the  four  anns,  as  shown  by  the  dotted  lines  in  Fig.  116. 


Fig.  117. 


Fig.  119. 


All  cut  surfaces  of  the  sand  are  Bmoothed,  parting  Band  is  sprinkled 
over  the  parting  thus  made,  and  the  cope  is  placed  in  position  and 
rammed  up.  When  the  cope  is  lifted  off,  the  sand  will  part  half 
way  down  on  the  arms  and  rim,  allowing  the  pattern  to  be  taken 
out  with  ease. 

Sti)l  another  example  in  which  a  single-piece  pattern  can  be 
used,  is    shown    in    the    journal- 
box   cap  illustrated  in   Fig   117 
A    cross-section   of     the    pattern 
through  two  of  the  bolt-hole  core 
prints  is  shown  in  Fig.  US     The 
pattern  is  placed  on  the  moidding 
board  in  the  inverte<l  drag  and  is 
rammed  »ip  as  usual.     When  the  ^ 
drag  is  turne<l  over,  the  position  |  ■* 

of  the  ijattern  in  the   sand   is  as    — 
shown  ill  cross-st'ction  in  Fig.  119.  Fig- 120. 

The  sand  that  may  have  entered 

the  cnrve  c  tl  e  is  lifted  out,  and  the  necessary  "draft"  is  given 
to  the  sand  at  the  two  ends  of  the  opening  c  d  e,  as  shown 
at  a,  Fig.  120.  The  cope  is  next  placed  in  position,  and  when  this 
has  been  rammeil  up  and  lifted  off,  the  sand  lying  in  the  curve  cde 
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will  be  lifted  with  it.  The  x^attem  is  now  removed;  the  bolt-hole 
cores  are  placed  in  position;  and  the  cope  is  returned  to  its  place 
on  the  drag. 

In  this  case  the  core  prints  should  be  in  length  at  least  twice 
the  thickness  of  the  metal 
through  which  the  hole  is  to 
be  cast,  and  the  length  of 
the  cores  will  be  equal  to  the 
thickness  of  the  metal  plus 
the  length  of  the  prints. 

In  the  small  sheave  pully, 
Fig.  121,  we  have  an  example 
of  a  casting  the  construction 
of  the  pattern  for  which,  so  as  Pig.  121. 

to  make  it  easily  removable  from  the  sand,  may  give  some  trouble  to 
the  beginner.  The  pattern  is  shown  in  cross-section  in  Fig.  122,  and 
is  moulded  in  a  two-part  flask.  At  first  it  would  seem  impossible 
to  place  the  pattern  in  the 
sand  so  that  either  half  could  be 
removed  when  the  cope  and  drag 
are  separated  on  the  parting  lino  ^*^'  ^^* 

of  the  pattern.  This  is  readily  accomplished,  however,  as  follows: 
The  half  pattern  C  is  placed  in  the  inverted  drag,  with  the  piirt- 
ing  downward  on  the  moulding  board,  and  is  rammed  up  in  the  usual 
way.    After  the  drag  is  turned  over,  the  sand  is  cut  away  and 


i^^m^wm 


Fig.  123. 

removed  to  the  center  of  the  rim  edge,  as  shown  in  Fig.  123.  The 
cut  is  carefully  smoothed,  and  parting  sand  applied  to  the  cut 
surface.  The  part  A  of  the  pattern  is  placed  in  position  on  C,  and 
is  rammed  up  carefully,  the  sand  being  then  cut  away  to  the  center 
of  the  rim  edge  of  A.  Parting  sand  is  applied  to  the  new  surface, 
after  which  the  cope  is  placed  in  position  and  rammed  up. 


254 
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When  the  cope  and  drag  have  been  separated,  the  upper  half  A 
of  the  pattern  is  taken  out,  and  the  cope  is  returned  to  its  place  on 
the  drag.  The  whole  flask  is  now  turned  over,  and  the  drag  lifted 
off  the  cope,  when  the  ring  of  green  sand  Z,  Fig.  124,  will  rest  on 
the  cope  sand  and  the  part  C  of  the  pattern  is  taken  ont.  We  thoa 
have  two  partings  of  the  sand  mould,  but  only  one  parting  of  the 
flask. 


Fig.  124. 

Many  other  examploa  might  be  given,  as  the  case  of  the 
common  two-flungp  pnlley,  which,  when  small,  is  often  moulded  in 
this  way. 


Fift-  125. 


Fig.  127. 


It  is  frequently  the  case  that  parts  of  the  pattern  will  over- 
hang  BO  that  the  jHittem  cannot  be  removed  from  the  sand  in  any 
direction,  even  if  parted.  In  such  cases  the  overhanging  parts  are 
fastened  loosely  to  the  main  part  of  the  pattern  by  wires  or  wooden 
pins.  An  example  of  such  a  casting  is  shown  in  the  slide.  Fig. 
125.  A  cross-section  of  the  pattern  for  this  slide  is  shown  in 
Fig.  126,  in  which  the  two  overhanging  parts  are  held  in  posi- 
tiou  by  the  use  of  pins.    After  being  rammed  np,  the  part  A  is 
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removed,  leaving  the  parts  h  and  c  still  in  their  positions  in  the 
sand,  as  in  Fig.  127.  These  may  now  be  carefully  moved  toward 
the  center  of  the  opening  and  lifted  ont 

In  some  cases  there  is 
not  sufficient  room,  when  the 
main  part  of  the  pattern  has 
been  taken  from  the  mould,  to 
remove  the  projecting  pieces. 
In  such  cases,  the  overhang- 
ing pieces  or  projections  must 
be  made  by  using  dry  sand 
cores.  To  Ulnstrate  this,  we 
shall  consider  the  pattern  for 
the  small  cast-iron  turbine 
case  illustrated  in  Figs.  128 
and  129.  A  section  view  of 
the  casting  through  A  B  (Fig. 
129)  is  given  in  Fig.  130. 

The  pattern  is  parted  on  the 
line  C  D  and  will  form  its  own 
core.  The  boss  a,  however, 
will  prevent  the  main  part  of 


Fig.  129. 


the  pattern  from  being  removed  from  the  sand,  and  if  a  were  made 

loose  it  could  not  be  taken  out  through  the  narrow  space  made  by 

the  thin  side  of  the  pattern. 

To  overcome  this  difficulty  a 

core  print  is  fitted  on  the  side, 

extending  from   the  imrting 

line  C  D  to  the  bottom  edge 

of  the  pattern,  as  illustrated 

in  Figs.  131  and  132;  and  in 

the  impression  made  by  this 

core  print  a  dry  sand  core, 

formed  in  the  core  box  shown 

in  Fig.  133,  is  placed.    It  wiU 

readily  be  seen  that  this 

form  a  mould  which  wit!  give  the  casting  required. 

Examples  in  "Methods   of  Moulding"   could  bo  multiplied 


Pig.  1.S1. 
will,  in  connection  with  the  pattern. 
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indefinitely,  but  the  foregoing,  we  think,  will  give  such  suggestions 
as  will  enable  the  beginner  in  pattern  making  to  construct  all 


SECTION 
AT    EF 


Pig.  133. 


Fig.  132. 

ordinary  patterns  so  that  they  can  easily  be  removed  from  the 
sand  without  injury  to  the  mould. 

PATTERNS  FROM  DRAWINGS. 

As  already  explained,  the  pattern  maker  must  understand 
working  drawings  in  order  to  construct  patterns  from  them  directly. 
These  drawings  are  usually  made  to  a  scale  much  less  than  the 
actual  size  of  the  required  work,  and  always  represent  the  com- 
pleted or  finished  machine  or  one  of  its  parts. 

Drawings  are  made  for  the  machine  shop  to  guide  the  machinist 
in  cutting,  turning,  planing,  and  fitting  the  parts  given,  so  as  to 
produce  in  the  castings  the  shapes,  sizes,  and  general  requirements 
of  the  articles  to  be  constructed.  Hence  there  is  less  liability  for 
mistakes  after  the  eastings  reach  the  machinist,  as  he  has  before 
him  not  only  the  drawing  with  its  accurate  dimensions  to  work 
from,  but  also  the  castings  for  the  machine  or  its  parts,  from  all 
of  which  the  construction  and  uses  of  these  several  parts  can 
easily  be  understood. 

On  the  other  hand,  the  pattern  maker,  with  the  aid  of  the 
same  drawing,  must  imagine  the  casting  before  him,  and  must 
build  something  in  wood  which  will  produce  that  casting  in  metal. 
This  pattern,  in  some  cases,  will  be  a  duplicate  of  the  required 
casting,  but  more  often  it  has  only  a  general  resemblance  to  it. 
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with  core  prints  attached,  and  is  external  only,  with  nothing  to 
show  the  internal  openings,  chaiuberB,  and  winding  passages  that 
must  be  provided  for  by  "coring."  The  core  boxes,  in  which  the 
cores  are  to  be  formed,  are  not  shown  in  the  drawings  famished  to 
the  pattern  maker,  but  most  be  provided  by  him  in  correct  shapes 
and  sizes,  in  addition  to  the  pattern  itself  with  its  added  core  prints. 

In  bnilding  a  pattern  the  workman,  as  before  stated,  must 
allow  for  shrinkage.    He  most  also  allow  for  draft  and  for  finish. 

Shrinkage.  The  shrinkage  of  cast  iron  when  cooling  in  the 
moulds  is,  as  has  before  been  stated,  abont  j^  inch  to  each  foot, 
and  the  manner  of  obtaining  the  exact  sizes  for  different  paris  of 
the  pattern  has  been  explained  under  the  head  of  "  Rules " 
(pc^  38).  For  brass  or  bronze  castings  a  greater  allowance  must 
be  made,  averaging  i^  inch  to  each  12  inches.  Shrinkage  rules  for 
brass  (A  inch  to  the  foot)  can  be  obtained,  and  must  be  used  for 
all  patterns  made  from  brass. 

Draft,  After  shrinkage,  the  second  x>oint  of  importance  in  a 
well-made  pattern  is  draft.  By  this  term  is  meant  the  bevel  or 
taper  made  on  all  vertical  jraris  of  the 
,^,^^^^j-■^■fl°T..^j-■^  pattern  so  that  it  can  easily  be  lifted 

^^■^^^^"''■■'■'^^a^--v--s  from  the  sand  without  injury  to  the 
;xt-  ;     .    .!     '      .    '  mould.    This  is   best  illustrated  as   in 

{:'  I*"ig.  i:i4,  in  which  it  will  be  swn  that 

\:  -.  i  _     .v:.\      'f  tlic  diimiet<T  of  a  imtttTn  at  rt  wore  to 

^■.  '[  .5t,y;^i-j?      be  the  same  as  that  at  4,  the  lattt'r  point 

'■.; :\  ...    ^_  .\.'^        would  drag  over  t!ic  whoU;  length  of  the 

..  _    ,^  fifnid  until  it  reacheti  the  former  ix)int. 

As  the  BJiiid  is  held  together  only  veiy 
lightly,  this  dragging  would  be  likely  to  dislodge  some  of  the 
particles  and  make  it  nt'cesRiiry  to  mend  the  mould.  In  order  to 
avoid  this,  the  diameter  at  a  is  made  slightly  greater  than  at  h,  so 
that  the  body  of  the  gland  is  tai>Ting,  and  the  itiomeiit  it  is  started 
out  the  whole  surface  from  a  to  /<  is  elear  of  the  sand  and  can  bo 
removed  without  injury  thereto.  This  differenee  in  the  diameters 
at  a  and  h  is  calledthe  draft  of  a  piittorn.  The  amoimt  of  draft 
depends  upon  therlength  of  the  part  tliat  is  to  be  drawn  out  of  the 
Band. 
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be  ftllowaiicc  for  ilraft  varies  with  the  pattern,  and  is  often 

r  less  on  different  parts  of  the  eiuuc  jjattem.     For  pxample, 

ift  on  the  outside  of  the  pattern  of  a  pulley  rim  24  inches  in 

itr  and  6  inches  fare,  should  be  J  inch  to  the  foot,  while  on 

iide  of  the  rim  and  on  the  hub  of  the  pully  it  should  be  in  the 

f  I  inch  to  the  foot.     The  reason  for  this  differenre  is  that 

•i:  of  the  rim  is  often  turned  and  finishi'd  atrnlghf,  and  for 

•ason  the  least  possible  amount  of  draft  that  will  allow  of  the 

1  being  removed  from  the  sand  shoiild  be  usetl;  while  on  the 

of  the   rim   a  greater  amount  of  dnift    strengthens    the 

rim,  which  must  sustain  the  strain  and  pressure  of  the  belt. 

In  general  the  draft  should  be  from  J  inch  to  |  inch  for  each  12 

inches,  the  latter  amount   in  all  cases  where  the  removal  of  the 


Fig.  135. 

metal  thus  added  will  not  greatly  increase  the  expense  of  working 
the  casting.  To  obtain  any  required  amount  of  draft  correctly,  a 
draft  template,  kept  with  other  tools  and  templates,  will  be  found 
convenient  and  useful,  8a\ing  much  time  when  changing  from  one 
ratio  of  draft  or  bevel  to  another.    It  is  made  as  fallows: 

Take  any  straight-grained  board  14  inches  to  16  inches  long 
and  12J  inches  wide,  as  shown  in  Fig.  135.  Having  jointed  the 
edge  a  perfectly  straight,  draw  the  line  J  perpendicular  to  the  edge 
and  12  inches  long,  using  a  square  and  a  sharp-pointi.'d  knife  {not  a 
scratch-awl  or  a  lead  pencil).  On  the  edge  a  careftdly  measure  \ 
inch  on  each  side  of  b;  and  at  the  upper  extremity,  with  the  same 
care,  measure  |  inch  on  each  side  of  h;  connect  the  last  two  points 
thus  found  with  the  first  two  on  the  edge  a,  by  a  sharp  knife  line,.) 
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and  the  result  will  be  a  right  and  left  slanting  line,  having,  with 
reference  to  the  perpendicnlar,  a  slant  of  J  inch  to  a  foot.  These 
lines  should  each  be  marked  "J  inch,"  as  shown  in  the  drawing. 

Now  draw  a  second  perpendicnlar  c,  at  a  distance  of  1^  inches 
or  2  inches  from  the  first.  On  the  edge  of  the  board  a,  again 
carefully  mark  oflp  J  inch  on  each  side;  at  the  other  extreme  mark 
off  tV  inch  on  each  side  of  Cj  and  again  connect  the  latter  points  with 
the  former.  The  result  will  be  a  taper  of  -A-  inch  to  a  foot.  Again 
repeat  the  process,  making  the.  taper  J  inch,  and  lastly  §  inch,  to  a 
foot.  Mark  the  pairs  of  right  and  left-hand  tajDcrs  respectively  J 
inch,  1^  inch,  J  inch,  §  inch,  as  shown.  These  lines  having  been 
obtained  permanently,  the  width  of  the  board  may  be  cut  down 
from  12^  inches  to  6  inches  (as  shown  by  the  dotted  line  A  B),  and 
the  board  then  shellaced. 

To  use  this  template,  place  the  bevel  against  the  edge  a  of  the 
board,  and  carefully  adjust  the  blade  to  the  J  inch,  -^  inch,  or 
other  draft,  right  or  left  as  may  be  required.  It  will  readily  be  seen 
that  whatever  may  be  the  width  of  the  surface  to  which  the  bevel 
is  applied,  the  taper  or  draft  will  be  in  the  exact  proportion  of  the 
given  amoimt  for  each  12  inches. 

Finish,  The  term  finish ,  in  pattern  making,  refers  to  the 
additional  amount,  after  shrinkage  and  draft,  which  must  be  added 
to  the  pattern  in  places  where  the  casting  is  to  be  planed,  turned, 
chipped  and  filed,  or  "fitted,"  in  the  machine  shop.  The  amount 
that  is  to  be  so  added  is,  to  a  certain  extent,  though 
not  wholly,  independent  of  the  size  of  the  piece.  For  small 
articles  whose  longest  dimension  does  not  exceed  three  or  four 
feet,  an  addition  of  J  inch  to  the  surface  to  be  finished  is  usually 
su£Scient.  For  larger  dimensions  it  may  be  necessary  to  add  as 
much  as  J  inch  or  §  inch,  but  very  rarely  more  than  this.  In 
making  this  allowance  it  is  also  well  to  bear  in  mind  the  tendency 
of  the  casting  to  warp  in  cooling.  Where  the  thickness  of  the  metal 
varies  to  any  great  extent,  there  is  a  greater  liability  to  warp  than 
if  a  uniform  thickness  prevails  throughout  the  whole.  Hence,  in 
such  cases,  a  greater  allowance  must  be  made  for  the  finishing. 

On  small  pieces  and  where  the  moulding  is  carefully  done  it 
may  be  possible  to  make  as  small  an  allowance  asiV  i^^^h,  but  as  a 
general  rule  sufficient  metal  should  be  put  upon  the  casting  to  allow 
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the  cutting  tool  of  the  finishing  machine  to  cut  woU  below  the 
surface  so  tliat  it  shall  not  become  dulled  by  the  sand  and  hard 
scale  on  the  outside. 

A  pattern  for  the  plain  cast-irou  bar  illustrated  in  Fig.  136 
will  afford  a  good  example  of  the  allowance  necessary  for  finish 
and  for  draft.  This  bar  is  to  be  finished  all  over,  the  finished 
sizes  being  36  inches  long,  1  inch  wide,  and  1  inch  thick. 


f-'i~-£-  ^ 


Pig.  irw. 

A  slender  bar  of  this  length  is  liable  to  warp  or  bend  when 
cooling  in  the  mould,  and  for  this  reason  the  bar  should  have  an  al- 
lowance of  at  least  J  inch  all  over  tor  finish,  thus  requiring  a  pattern 
36J  inches  long,  1{  inches  wide,  and  1^  inches 
thick.  Moreover,  to  enable  the  moulder  to 
remove  the  pattern  from  the  sand  withont 
injury  to  the  mould,  we  must  add  on  two  of 
the  opposite  sides  a  draft  of  about  \  inch  to 
the  foot,  making  a  cross-section  through  the 
pattern  of  the  shape  and  dimensions  as  shown 
in  Fig.  137. 

When  accuracy  is  required  in  testing  bars 
36  inches  X  1  inch  X  1  inch  (which  are 
seldom  finished),  they  are  often  monlded 
jtartly  in  the  cope  and  partly  in  the 
driig,  as  shown  in  Fig.  138,  the  parting 
b(-ing  on  the  line  a  6.  In  this  position 
the  in<;lination  of  the  sides  of  the  pat- 
tt-ni  in  the  mould  is  so  great  that  no 
dr«ft  is  required,  the  pattern  being 
simply  a  square  bar  of  wood  of  dimensions  of  36  inches  X  1  inch 
X  1  inch,  m<-asured  with  the  shrinkage  rule. 
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PART  II. 


SIMPLE  PATTERNS. 

The  simplest  patterns  arc  those  which  are  made  in  one  piece, 
and  which  require  no  coring,  although  the  castings  themselves  may 
be  hollow. 

The  first  thing  which  the  pattern  maker  should  decide  in  com- 
mencing a  pattern,  is  the  way  in  which  it  is  to  be  removed  from 
the  sand,  and  where  the  parting  line,  if  there  is  one,  should  be. 
As  an  exanir  le  of  a  simple  pattern  of  one  piece  made  without  a 
dry-sand  core,  the  stuffing-box  gland  (shown  in  Fig.  134,  Part  I) 
is  a  good  illustration.  It  is  readily  seen  that  if  the  pattern  of  such 
a  gland  were  to  be  imbedded  in  sand,  as  shown,  there  is  no  reason 
why  it  could  not  be  lift^  out  without  disturbing  any  of  the  sur- 
rounding or  the  internal  sand.  The  drawing  represents  the  pattern 
with  draft  and  finish  added,  the  finished  gland  being  shown  by 
the  dotted  lines. 

In  every  pattern  of  this  kind,  forming  its  own  core,  it  is  neces- 
sary to  allow  double  draft  on  the  inside,  so  that  the  pattern  may  be 
rapixxl  and  removed  without  injury  to  the  green-sand  core,  which 
at  best  is  not  very  stable,  and  which  should  be  used  only  when  the 
gland  or  other  hollow  casting  is  of  such  size  as  to  give  a  large  and 
stable  core. 

Except  in  a  few  special  cases,  it  is  much  better  to  put  core 
prints  on  the  ends  of  the  pattern  and  use  a  dry-stmd  core  in  place 
of  the  green-sand  core  illustrated  above,  thus  avoiding  the  unnec- 
essary waste  of  metal  added  by  the  double  draft  on  the  inside  of 
the  casting,  and  the  expense  and  labor  of  removing  it  in  the 
machine  shop. 

In  order  to  give  a  better  understanding  of  the  methods  em- 
ployed in  Pattern  Making,  the  object  itself  will  be  illustrated;  and 
when  it  is  to  be  finished,  the  finished  dimensions  only  will  be  given. 
If  the  object  is  not  to  be  finished,  the  sizes  of  the  completed  Cft9t- 
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ings  will  be  shown.  These  dimensionB  will,  in  all  cases,  be  arbi- 
trary, and  can  be  changed  at  will,  if  for  any  reason  alteration  is 
necessary.  The  successive  steps  in  the  construction  of  the  pattern 
are  given  in  detail  so  that  the  student  may  fully  understand  the 
principles  involved. 

The  first  article  for  consideration  ia  the  brass  husking  flanged 
at  one  end,  illustrated  in  Fig.  139.  This  bushing  is  to  be  finished  af^ 
over,  and  as  the  casting  is  small,  -i';  inch  will  bo  sufficient  for  out- 


-a|— H 
Fie.  IM- 
aide  finish  and  the  same  for  turning  out  the  ineide.    On  examining 
it  with  regard  to  moulding,  we  find  that  if  moulded  on  end  with 
the  flange  up  and  on  the  parting  line  of  the  flask  it  can  be  readily 
removed  from  the  mould. 

The  draft  in  this  case  should  be  J  inch  in  12  inches  or  a  little 
less;  and  each  core  print,  because  the  pattern  is  very  short,  need 
not  be  more  than  |  inch  long.  Having  the  fluished  sizes  given 
(Fig.  139),  and  having  decided  on  the  amount  of  draft  and  finish, 
the  pattern  will  be  as  represented  by  Fig.  140,  and  in  the  case  of 
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this  Biinplc  [latterii,  as  in  nil  others,  a  fall  size  dniwiiig,  or  sketch, 
giving  ull  the  diiiiensious  of  the  pattern,  should  be  made  by  the 
pattern  maker  before  beginning  work  on  the  i»ittem.  This  is  good 
practice,  aii-i  if  carried  out  many  mistaken  and 
much  loss  of  time  will  be  avoidi'd. 

The  lower  core  print  shoold  have  the  same 
proportion  of  draft  as  the  body  of  the  pattern, 
but  the  upper  core  print  is  given  the  excessive 
draft  of  ^  inch  to  its  length  so  that  the  cope 
can  be  easily  lifted  off  and  returned  again  over 
the  tikxjering  end  of  the  dry-sand  core  without  injury  to  the  moold; 
the  itarting  of  drag  and  co^xj  being  on  the  line  a  h.  This  pattern 
may  be  turned  from  a  solid  block  of  wood,  but  if  durability  is 


Pig.  141. 
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Fig.  142. 

desired  the  block  should  be  glued  up 
from  4  pieces  of  |-irich  pine,  care  being 
taken  to  reverse  the  annular  rings  or 
yearly  growth  of  the  wood,  as  shown  iu 
Pig.  141. 

Place  the  block  in  the  lathe  and 
with  the  gonge  turn  to  a  cylindrical  form 
of  slightly  greater  diameter  than  the 
largest  diiimctor  of  the  pattern,  say  8-i\ 
inch.  All  finishing  should  be  done  by 
the  use  of  scraping  tools.  For  the  body 
of  the  pattern,  a  finner  chisel  1  inch  wide 
is  a  good  tool,  but  the  cutting  edge  must  be  ground  and  sharpened 
sligh  tly  roimding,  as  described  for  plane  irons ;  otherwise  the  coniers 
of  the  tool  are  liable  to  catch  and  form  grooves  on  the  surface. 

For  smoothing  and  finishing  the  ends  of  the  pattern  and 
fliinge,  a  diamond-pointed  scraping  tool.  Fig.  142,  is  preferred  to 
nil  others.  The  core  box  for  this  pattern  is  shown  in  Fig.  143, 
which  is  rei>resentative  of  the  half  box  used  for  all  symmetrical 


Fig.  143. 
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cores.    In  this  box,  two  Bemicircolar  or  half  cores  are  made,  whicli, 

after  being  dried,  are  pasted  together,  forming  the  cylindrical  core 

reqiiired.    For  the  part  a  of  the  core  box,  a  block  of  sightly  greater 

length  (4  inch  or  1  inch) 


Fig.  144. 


is  first  planed  np  to  the 
exact  size.  A  center  line 
h.  Fig.  144,  is  drawn  with 
the  marking  gauge  par- 
allel to  one  of  the  edges, 
and  also  extends  across 
each  end  of  the  block. 


From  this  center  line,  at  a  distance  of  H  inch  on  each  side,  the 

lines  d  and  e  are  also  drawn.    Then  with  a  second  block,  or  strip 

of  wood  place4  against  the  face  of  the  block  and  flush  with  the 

end,  the  two  pieces  are  clamped 

together  in  the  bench  vise,  as 

shown  in   Fig.  145.    Now  with 

the  dividers  adjusted  to  \i  inch, 

describe  on  each  end  of  the  block 

the  semicircle  which  will  connect 

the  lines  d  and  e  on  the  ends  of  Fig.  145. 

the  block.     This  wood  may  be  removed  rapidly  with  a  gouge  and 

mallet,  smoothed  with  a  round  plane  of  proper  size  and  cur^'e, 

and  finished  by  sand  paper  rolled  on  a  cylindrical  block  having 

a  diameter  iV  inch   less   than   the  width   of   the   required   box. 


Pig.  148. 


Fig.  146a. 


Another  method  frequently  used  for  small  boxes,  is  to  work 
out  the  center  of  the  curve  with  a  rabbet  plane,  forming  a  right- 
angled  opening,  as  shown  in  Fig.  146,  the  remaining  wood  being 
removed  with  the  round  plane  and  finished  with  the  cylinder  and 
sand  paper  as  before. 
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As  the  work  progresses,  the  accuracy  of  the  curve  is  tested  by 
means  of  a  try  square,  or  other  90°  angle,  as  shown  in  Fig.  146a. 

Thu  tap<.'n.il  eml  of  the  box  c  (Fig,  1-iiJ)  is  ninied  from  a  block 
of  wootl,  screwed  to  the  face 
plate  of  the  lathe  as  shown  in 
Fig.  147.  After  the  hole  is 
turned  to  the  required  depth, 
I  inch,  and  to  the  required  size, 
13  inches  on  the  outside,  and 
1|  inches  nt  the  bottom,  it  is 
removed  trjm  the  fac^  plate 
and  the  piece  c  is  cut  out,  as  PiR-  ^*^- 

shown  by  the  dotte<I  lines  in  Fig.  147.  This  piece  c  is  glued  and 
nailed  to  the  end  of  a.  The  two  ends  of  the  box  are  now  given  a 
slight  draft,  (J  inch  in  12  inches)  to  allow  the  half  core  to  leave  the 
Ixjx  easily.  The  end  8tri|)s  </  and  il  (Fig.  143)  are  then  nailed  on 
and  the  box  is  complete, 

FINISH! NO   PATTERNS. 

Having  completed  the  pattern  and  its  core  box,  the  surface  of 
the  wood  must  bo  covered  with  some  mattsrial  which  will  render  it 
hard,  smooth,  and  impervioiis  to  the  moisture  in  the  sand,  and  at 
the  same  time  make  it  easier  to  bo  withdrawn  from  the  mould. 
Pure  grain-alcohol  shellac -varnish  is  the  best  for  this  purpose.  All 
cheap  substitutes,  such  as  wood^lcohol  shellac,  or  cojial  varnishes 
should  be  avoidml.  They  become  flaky  and  scale  otf,  and  do  not 
stand  the  exposure  and  moisture.  Pattern  makers  generally  make 
their  own  shellac  varnish,  buying  only  the  best  quality  of  shellac 
gum,  and  using  95  per  cent  proof  ak^ohol.  The  proportions  are 
three  pounds  of  gum  to  one  gallon  of  alcohol.  The  gum  is  put  in 
a  wid-^-mouthed  bottle,  or  eartheu  jar,  and  the  alcohol  poured  over 
it,  and  if  well  stirred  three  or  four  times  during  the  day  will  (if  the 
alcohol  is  of  the  best,)  give  a  smooth,  clear,  orange-colored  varnish 
ready  for  use. 

A  good  grade  of  "white  grain-alcohol  shellac"  may  be  made 
from  bleached  gum,  or  can  be  bought  from  the  dealers,  but  it  dries 
more  slowly  and  does  not  produce  so  hard  a  surface  as  the  orange 
shellac. 
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As  the  alcohol  in  ahellac-vamish  evaporates  vory  rapidly,  the 
brash  should  be  kfpt  in  a  vessel  which  is  closed  and  air  tight.  A 
short  bottle  baviog  a  month  wide  enough  to  ailmit  the  brush 
is  best  for  this  purpose.  A  one-inch,  Hat,  double- thickness,  fitch- 
hair  brush  is  good  for  general  work.  Do  not  ust;  a  oork,  but  turn 
a  wooden  cap  for  the  bottle,  such  ils  is  shown  in  Fig.  148.  The 
shouldtT  at  a  may  be  A  inch  to  J  inch 
jg^  ■  .:^H^^^  long,  but  must  be  at  least  ^  inch  less  in 
J.t.fi)j  iMnllHr^  diameter  than  the  inside  of  the  mouth  of 
amilin  I  lllllM  t^g  bo^ig       Otherwise    the    shellac   wiU 

'^'      ■  cement  it  to  the  glass  so  that  it  cannot 

be  removed.  Its  only  object  is  to  keep  the  cap  nearly  central  on 
the  bottle.  The  handle  of  the  brush  must  be  tightly  fitted  into  a 
hole  through  the  center  of  the  cap  and  fastened  with  a  screw  or 
brad;  allowing  the  brush  toreach  within  one-half  inch  of  the  bottom 
of  the  bottle.  Keep  the  bottle  one-tliird  to  one-half  fall  of  shellac 
and  use  the  brash  with  the  cap  on  the  handle.  The  shellac  will 
make  a  tight  joint  between  the  bottle  and  the  cap,  and  if  the  proper 
amount  of  shellac  is  kept  in  the  bottle,  the  brush  will  always  remain 
soft. 

For  small  patterns,  such  as  the  bushing  described,  the  small 
quantity  of  shellac  needed  can  be  used  directly  from  the  bottle. 
For  large  work  however,  an  earthern-waro  cup  or  mug  should  be 
used,  but  the  shellac  left  over  should  always  bo  returned  to  the 
vessel  in  which  it  is  kept. 

Shellac  varnish  should  never  be  kept  in  a  metallic  can  or  cup, 
as  the  oxidation  of  the  metal  will  discolor  the  vaniist. 

Having  given  a  jjerfectly  smooth  surface  to  the  pattern  and 
core  box  by  the  use  of  very  flue  saiid-pajxir,  (No.  0)  apply  the  first 
coat  of  shellac.  This  first  coat  will  raise  the  grain  and  roughen 
the  surface  of  the  wood,  which,  after  the  sbellac  is  ix?rfectly  dry, 
must  bo  sand-pai)ered  a  second  time  until  smooth.  Now  apply  a 
second  coat.  Hhould  there  still  be  roughness,  a  second  sand-paper- 
ing will  be  necessary.  At  least  three  coats  of  shellac  should  be 
L  used.  If  there  is  much  end  wood  exposed  on  any  of  the  surEaces 
rof  the  pattern,  a  fourth  coat  may  be  necessary  on  these  parts. 

As  regards  the  color  in  which  ijattems  are  finished  there  are 
I  different  rules  in  different  shops.    The  general  rule,  however,  is  to 
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leave  all  ptittems  for  brass  or  bronze,  in  the  natural  color  of  the 
wood,  and  shellao  the  core  prints  red.  If  the  pattern  is  intended  for 
moulding  cast  iron,  the  body  of  the  pattern  is  made  black  and  the 
core  prints  red.  The  parts  of  the  core  box  in  which  the  core  la 
to  bo  formed  are  also  colored  red  and  the  outside  of  the  core 
box  black.  The  black  color  is  produced  by  mixing  lamp  black 
with  the  shellac  varnish,  and  the  red  color  by  mixing  vermil- 
lion  (Chinese  is  the  best)  with  the  shellac.  The  vermillion  is 
hea^-y  and  will  settle,  hence  it  unist  be  stirred  or  well  shaken 
before  using.  The  best  method  is  to  first  use  two  coats  of  the 
natural  colortsd  shellac  (orange  or  white)  on  all  Burfacee  of  the  pat- 
tern, core  prints  and  core  box,  then  apply  the  black  or  red  for  the 
last  coat  only, 

Aa  the  pattern  already  described  is  for  a  brass  bushing,  the 
body  should  be  left  the  natural  color  of  the  pine,  and  the  core 
prints  on  the  pattern  and  the  inside  of  the  core  box  colored  red. 

The  outside  of  the  core  box  nuiy  be  left  the  natural  color  or 
made  black,  as  preferred.  The  outside  of  the  core  box,  having  no 
part  in  the  formation  of  the  core,  is  not  necessarily  so  well  and 
smoothly  finished  as  the  inside. 

All  nail  holes  or  any  defects  in  the  wood  should  be  filled  with 
beeswax  applied  with  the  warm  blade  of  a  knife,  or  narrow  chisel, 
warmed  by  holding  in  hot  water.  The  beeswax  should  always  be 
used  after  the  first  coat  of  shellac  has  been  applieil,  as  it  will  then 
hold  better.  The  sand-papering  of  the  pattern,  after  the  first  coat. 
will  smooth  the  wax  and  bring  it  even  with  the  surface  of  the  wood- 
The  time  required  for  a  coat  of  shellac  to  dry  is  from  eight  to 
twelve  hours,  depending  upon  how  heavily  it  may  have  been  ap- 
plied, even  though  to  the  touch  the  surface  may  seem  dry  in  one 
or  two  hours. 

If  a  hard,  durable  surface  is  required  on  the  pattern,  twelve, 
or  better,  twenty-four  hours  must  be  given  between  each  coat.  The 
roughness  will  then  sand-paper  oS  as  a  dry  powder  without  gum- 
ming the  sand-paper,  and  leave  a  hard,  smooth  surface  for  the  suc- 
ceeding coat  of  shellac. 

The  second  casting  to  which  attention  is  called,  is  the  brass 
hearing  represented  in  Fig.  149,  which  is  to  be  finished  all  over. 
On  examining  the  drawing,  first  with  regard  to  removing  the  i 
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torn  from  the  Band,  we  find  that  it  most  be  monlded  on  its  side, 
and  that  the  moolder  may  not  lose  time  in  cutting  away  the  sand 
(see  Figs.  113  and  114,  Part  I)  the  pattern  most  be  parted,  or  made 
in  two  haWeB. 

For  finish  on  this  small  pattern  iV  inch  will  be  sufficient,  and 
draft  will  be  required  only  on  the  ends  of  the  pattern,  and  on  the 
ends  of  the  core  prints,  which  in  this  case,  should  be  not  less  than 
1  inch  long.  This  is  necessary,  because  the  core-print  moulds  mvat 
BUBtain  the  weight  of  the  dry-sand  core. 


Fig.  119.  Fig.  150. 

The  pattern  for  this  casting  is  represented  by  Fig.  150,  in 
which  it  is  Been  that,  unlike  Fig.  140,  the  body  and  core  prints  are 
perfectly  straight,  a  slight  draft  A  inch  to  12  inches  being  given 
to  the  ends  of  the  pattern  and  to  the  ends  of  the  core  prints  only. 
A  slight  curve  of  ■j'j  inch  radius  should  also  be  maxle  at  the  inter- 
section of  the  body  of  the  pattern,  and  the  inside  of  the  flange 
at  a,  a. 

The  wood  in  being  prepared  for  this  pattern  should  be  cut  2| 
inohes  longer  than  the  finished  pattern.    The  dimeusionB  of  the 
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two  halveB  would  each  be  1|  X  3|  X  S|  inches.  Having  fitted'  the 
two  insides  accurately  together  and  dressed  one  edge  of  each 
straight  aud  at  right  angles  to  its  face  side,  with  the  marking 
gauge,  draw  a  center  line  on  each,  not  only  on  the  face  but  also 
across  each  of  the  two  ends,  Fig.  151.  Across 
the  center  of  each  piece  draw,  with  a  sharp- 
pointed  knife  and  try  square,  a  second  line  at 
right  angles  to  the  first  and  at  equal  distances 
from  each  end  of  the  block.  With  dividers 
adjusted  to  Ig  inches,  place  one  leg  at  the  inter- 
B<!ction  of  the  two  lines,  and  on  the  gauge  line 
mark  two  dots,  each  1|  inches  from  the  center  Fig.  151. 
line.  These  dots  arc  the  centers  for  the  dowels  which  are  to 
connect  tlie  two  halves  of  the  pattern  after  it  is  finished.  Bore 
the  holes  in  each  piece  ^  inch  deep  with  a  -fg  inch  auger  bit, 
and  cut  the  dowel  pins  only  }  inch  long,  gluing  them  into 
the  holes  of  one  piece  and  giving  a  projection  of  ^  inch  to 
iit  in  the  holes  of  the  second  half  of  the  pattern.  Although  the 
dowels  are  glued  into  the  first  half  they  must  fit  easily,  but  not 
loosely,  in  the  second,  aud  should  be  rounded  on  the  ends  or  made 
cone  shaped,  as  in  Fig.  152. 

Having  fitted  and  prepareil  the  two  blocks  with  their  dowel 
pins,  carefully  glue  them  together  using  only  a  n&rrow  strip  of 


Pig.  153. 

glue  ^  inch  wide  on  each  end  of  the  block  and  clamping  the  two 
together  with  a  hand  screw  on  each  end.  When  the  preesore  of 
the  hand  screw  is  applied,  the  glue  will  spread  inward  to  |  inch 
or  1  inch .  Great  care  must  be  taken  not  to  use  too  great  a  quantity 
of  glue,  or  it  will  spread  in  far  enough  to  bind  the  two  halves  of 
the  pattern  together  so  that  they  cannot  be  separated  when  turned 
and  finished.    The  blocks  should  remain  in  the  hand  screws,  after 
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being  glued,  from  four  to  six  hours,  depending  on  the  temperature 
of  the  room  in  which  the  gluing  is  done.  Our  pattern  block  is 
now  ready  for  the  lathe  and  will  be  as  represented  in  Fig.  153, 
which  is  a  longitudinal  section  through  the  dowel  pins. 

When  centering  for  the  lathe  centers,  great  care  must  be  taken 
to  mark  the  centers  exactly  at  the  intersection  of  the  center-gauge 
lines  on  the  ends  of  the  blocks  and  the  glued  joint  of  the  two 
pieces.  The  hard  glue  will  force  the  lathe  center  to  one  side  of  the 
connecting  joint  unless  a  center  dot  or  hole  is  first  made  with  an 
awl  in  the  exact  position  required.  As  in  the  case  of  the  pattern 
in  Fig.  140,  the  block  is  roughly  turned  to  dimensions,  all  of  which 
are  a  little  larger  than  the  finished  pattern,  by  using  the  ordinary 
turners'  gouges,  but  the  final  turning  and  finishing  to  exact  sizes 
must  in  all  cases  be  made  with  scraping  tools,  as  described  for  the 
pattern  of  the  brass  hushing » 

When  marking  off  the  pattern  on  the  rounded  cylinder  in  the 
lathe,  care  must  be  taken  to  locate  the  pattern  in  the  exact  center 
of  the  block,  so  that  the  dowel  pins  may  be  equally  distant  from 

each  end  and  from  the  center  of  the 
pattern.  Fig.  154  shows  the  pattern 
as  ready  to  bo  taken  from  the  lathe. 
The  core  print  ends  should  be  cut  down 
to  J  inch  at  each  end,  and  finally  cut  off 
with  a  saw,  and  the  ends  finished  with  file  and  sand  paper  after  remov- 
ing from  the  lathe,  when,  as  will  be  seen,  the  glued  end  having 
been  cut  off,  the  two  halves  of  the  pattern  will  separate  clean  and 
free  from  glue,  and  the  dowel  pins  will  always  bring  them  into 
accurate  alignment  when  used  by  the  moulder  in  the  foundry. 
Before  removing  the  turned  pattern  from  the  lathe,  it  should 
be  smoothed  and  finished  with  sand  paper,  but  care  must  be 
taken  not  to  allow  the  sand  paper  to  come  in  contact  with  the 
sharp  comers  and  angles  of  the  pattern,  or  they  will  be  rounded 
oflP  and  the  work  ruined.  For  pine,  only  the  finest  paper,  No.  \ 
and  No.  0  should  be  used  on  lathe  work,  and  the  paper  must  not 
be  held  in  one  position  on  the  revolving  work  but  must  be  kept 
moving  laterally,  that  is,  from  side  to  side,  to  avoid  cutting  depres- 
sions in  the  surface. 


Fig.  154. 
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Fig.  155. 


When  the  scmping  tools  are  kept  sharp  so  that  thL'y  will  cut 
freely  and  without  pressure,  a  light  touch  o£  sand  paper  only  will 
be  required. 

In  the  oonstruction  of  this  pattern,  it  may  be  made  of  two 
blocks  of  IJ-inch  stock  as  described;  but  the  tendency  of  the  two 
lialves  will  be  to  become  rounding  on  the 
parting  line  as  shown  by  the  dotted  lines 
c // and  e  y,  Fig.  155.  This  is  cau.'ifHl  by 
the  removal  of  considerable  wood  in 
the  process  of  turning,  at  the  angles 
a  a  a  n  thns  exjiosing  fresh  surfaces 
which  are  farther  removed  from  the 
original  surfaces  of  the  plank,  than  the  surfaces  on  the  line 
of  parting.  The  exposure  of  these  deep,  inside  fibers  of  the 
wood  will  cause  a  shrinkage  of  the  pores  and  draw  thf  |Kittfm  more 
r  less,  according  to  the  position 


of  the  annular  growths,  and  also 
to  the  more  or  Itiss  thorough  sea- 
soning of  the  wood,  iu  the  direc- 
tion indicated.  If  the  pattern  is 
intended  for  temimrary  nso  only, 
it  may  be  cxinstructed  as  above,  but  if  durability  and  iiermanence 
of  shape  are  rctiuin-d,  the  two  blocks  should  each  be  glmJ  np  out 
of  thinner  stock  with  the  annidar  growths  carefully  reversed,  aa 
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Fig.  107. 


shown  in  Fig.  lofi.  This  is  done  not  only  because  thin  plank  is 
mors  evenly  and  better  seasoned,  but  bt^cause  in  gluing,  the  ten- 
dency of  the  pieces  to  waq?  or  spring  is  counteracted  each  by  the 
other,  and  in  addition  the  glitlng  of  several  thin  pieces  together 
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stiffens  and  makes  the  resulting  piece  much  firmer  and  stronger 
than  a  lai^  block  or  piece  of  the  same  size  obtained  without 
gluing. 

The  core  for  this  pattern,  being  straight  from  end  to  end,  and 
cylindrical,  only  a  half  core  box  is  required,  as  shown  in  Fig.  157. 
After  being  laid  off  and  worked  out  in  the  same  manner  as  de- 
scribed for  the  core  box.  Figs.  143  and  144,  cut  the  ends  of  a  with 
draft  of  \  inch  in  12  inches,  and  glue  and  nail  on  the  ends  c  and  e, 
which  may  be  f  inch  to  \  inch  in  thickness. 

Shellac  and  finish  as  described  for  pattern,  Fig.  140,  giving 
first  two  coats  of  orange  or  white  shellac,  and  for  the  last  coat  ou 
core  prints  of  the  pattern  and  the  inside  of  the  core  box  a  use  the 
red,  the  body  of  the  pattern  being  left  natural  color  (with  three 
coats)  and  the  outside  of  the  core  box  either  natural  or  black. 

GLUING, 

As  the  use  of  glue  enters  largely  into  the  construction  of  all 
patterns,  some  instruction  as  to  its  selection  and  the  manner  of 
using  will  be  necessary.  When  building  up  patterns,  the  connec- 
tions should  in  all  cases  be  made  by  gluing.  Nails  should  never 
be  used  except  when  they  can  be  so  placed  as  to  be  entirely  removed 
from  all  danger  of  contact  with  the  tools  used  in  turning  and  shap- 
ing the  pattern,  and  when  so  employed  should  be  used  in  conjunc- 
tion with  glue.  The  only  advantage  in  their  use  is  the  hastening 
of  the  work,  because  they  take  the  place  of  hand  screws  or  clamps 
while  the  glue  is  drying. 

The  use  of  nails,  however,  is  always  unsatisfactory,  for  when 
the  point  is  passing  through  the  upper  piece,  small  thin  slivers  are 
broken  from  the  under  surface,  which  have  a  tendency  to  separate 
the  two  surfaces  instead  of  exerting  the  required  pressure  as  when 
hand  screws  are  used. 

For  pittcm  work  select  only  the  very  best  quality  of  cabinet- 
makers' glue,  or  better  still,  the  best  quality  of  white  glue.  This 
white  glue  can  always  be  had  in  two  forms,  first,  white  glue,  rlear^ 
and  second,  white  glue  opaque.  The  first  is  the  glue  without  the 
addition  of  any  foreign  substance.  The  second  looks  much  whiter 
than  the  first,  because  of  the  addition  of  whiting,  or  other  mineral, 
to  the  glue.    This  addition  does   not    in    any    way   lessen   the 
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adhesive  qualities  of  the  glue;  on  the  other  band,  it  Bets  more 
readily  and  dries  more  quickly,  but  for  this  very  reason,  it  is  harder 
to  use  on  lai^  surfaces,  as  the  first  brnshing  on  one  part  of  the 
work  will  begin  to  set  before  the  entire  surface  can  be  covered. 
For  all  small  or  moderate-sized  work,  however,  the  opaque,  white 
glue  is  to  be  preferred. 

Good  glne  will  keep  in  a  dry  room  of  any  temperature  for  an 
indefinite  length  of  time,  but  when  cooked  in  the  glue-pot  it 
deteriorates  very  rapidly.  Each  successive  reheating  and  boiling 
lessens  its  adhesive  qualities,  hence  it  should  always  b6  used  fresh 
or  nearly  so.  A  greater  quantity  of  glue  than  is  likely  to  be  used 
in  two  or  three  days  should  not  be  cooked  at  one  time. 

The  cooking  and  preparing  must  be  doue  in  the  regular  glue- 
pot,  made  for  the  purixjse,  and  sold  in  all  hardware  stores.  No 
rule  can  be  given  for  the  relative  quantities  of  glue  and  water  to 
be  used.  Some  glues,  especially  the  cheaper  grades,  require  much 
less  water  than  the  better  and  finer  qualities.  As  a  general  rule 
however,  pack  the  glue  firmly  in  the  pot  and  add  sufficient  cold 
water  to  cover  it.  Fill  the  outside  kettle  with  cold  wafer  and  boil 
until  thoroughly  cooked,  so  that  it  will  run  smooth  and  clear  from 
the  brush  or  paddle.  It  should  run  freely  without  returning  and 
gathering  in  bunches  or  clots  at  the  end  of  the  paddle,  but  must 
not  bo  so  thin  bb  to  be  weak  and  watery. 

If  the  glue  is  too  thick,  no  amount  of  pressure  will  bring  the 
two  glued  surfaces  in  close  contact,  and  if  too  thin  there  is  danger 
that  the  joint  will  not  hold.  Always  use  cold  water  for  cooking 
and  dissolving  fresh  glue.  Hot  or  boiling  water  will  make  the  glue 
string;/  and  will  require  a  much  longer  time  to  cook  to  an  even  and 
smooth  consistency.  Great  care  should  also  bo  taken  to  keep  the 
outside  kettle,  which  surrounds  the  glue-pot  proper,  full  of  water. 
If  allowed  to  hoU  dry  the  glue  in  the  inner  jwt  will  be  scorched, 
or  burned,  and  will  then  be  entirely  useless.  It  must  then  be 
thrown  out,  the  pot  washed  or  boiled  out  clean,  and  fresh  glue  again 
cookeil.  The  hot  water  in  the  outside  kettle  should  in  all  cjises  be 
used  for  thinning  the  glue  to  the  required  consistency.  Cold  water 
chills  the  glue  and  necessitates  reheating.  In  cold  weather  the 
precaution  inuat  be  taken,  unless  the  room  is  warm  and  entirely 
free  from  drafts,  to  heat  the  pieces  of  wood  before  applying  the 
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glue,  else  the  latter  may  be  chilled  and  fail  to  set.  The  time  re- 
quired for  well-made  joints  to  dry  so  that  the  hand-screws  can  be 
removed  is  from  four  to  six  hours. 

Sometimes  a  difficulty  will  arise  in  the  case  of  large  surfaces 
on  thin  material.  When  the  glue  is  applied  it  moistens  and  expands 
the  surface  upon  which  it  is  placed,  causing  the  edges  to  curl  up 
and  pull  away  from  the  adjoining  piece  which  has  a  tendency  to 
move  in  the  opposite  direction.  In  such  cases  never  moisten  the 
back  of  the  thin  pieces  with  water  from  the  outside  kettle,  as  is 
sometimes  directed,  but  work  quickly,  spreading  the  glue  rapidly 
and  then  place  between  two  thick,  stiff  pieces  of  board,  previously 
dressed  true,  prejxired  and  heated  for  the  purpose.  Use  as  many 
hand-screws  as  can  be  conveniently  placed  on  the  work,  and  allow 
it  to  remain  in  these  clamps  until  all  moisture  from  the  glue  is 
absorbed  by  the  two  outside,  heated  boards.  Twenty-four,  or  better 
forty-eight,  hours  should  be  given  to  this  process  if  possible. 

All  such  gluing  of  thin  pieces  should  in  every  case  be  done 
first  and  allowed  to  dry  while  the  other  parts  of  the  pattern  are 
being  constructed.  Under  no  circumstances  use  water  on  any  sur- 
face of  seasoned  wood.  The  reseasoning  or  drying  out  of  such 
water  will  invariably  distort,  curl,  and  warp  the  pieces  so  treated 
after  being  glued  together.  Even  the  water  contained  in  the  glue 
is  objectionable,  while  unavoidable,  and  can  be  most  satisfactorily 
removed  only  as  directed  above. 

In  all  cases  where  end  wood  is  to  be  glued,  or  where  the  grain 
of  the  wood  runs  diagonally  to  the  plane  of  the  joint  so  as  to  pre- 
sent the  open  end  wood  pores  for  the  glue,  this  end  wood,  or  partially 
end  wood  joints,  should  be  first  ^^sized  "  with  thin  glue,  (glue  about 
half  the  thickness  of  that  used  for  gluing,)  and  allowed  to  dry. 
This  will  raise  the  grain  and  roughen  the  surface  of  the  joint, 
which,  when  dry,  must  be  lightly  and  carefully  scraped  off  with  a 
sharp  chisel,  when  it  will  be  found  that  the  open  jpores  of  the  wood 
are  filled  with  dried  glue.  The  joint  niay  now  be  glued,  and  the 
glue  will  hold  as  in  ordinary  jointing. 

HAND  SCREWS, 

The  hand  screws,  illustrated  in  Fig.  81,  enter  so  largely  into 
all  gluing  for  jMittem  work,  that  some  description  of  their  con- 
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struction  and  the  manner  of  using  is  necessary  here.  The  four 
parts  of  each  hand  screw  consist  of  two  jaws  and  two  spindles. 
When  using,  the  jaws  must  in  every  case  be  kept  parallel.  This 
is  done  by  the  adjustment  of  the  middle  or  central  spindle.  The 
clamping  is  in  all  cases  done  by  the  outside  or  end  spindle,  the 
middle  or  adjusting  spindle  serving  as  a  fidcrum  for  the  jaws;  the 
leverage  and  pressure  being  obtained  by  the  end  spindle.  When 
clamping  broad  surfaces,  care  must  be  taken  to  see  that  the  pressure 
of  the  jaws  on  the  work  being  glued  is  the  same  at  the  points  and 
at  the  back  part  of  the  applied  portion  of  the  jaws. 

This  can  be  easily  changed  at  will,  by  slightly  loosening  or 
tightening  the  middle  spindle,  which,  as  before  stated,  is  the 
adjusting  spindle  and  fulcrum,  and  not  used  for  clamping.  After 
adjusting  the  jaws  parallel  and  to  even  pressure  on  all  their  length 
as  appli(»d  to  the  work,  screw  up  and  tighten  the  end  spindle  to 
the  utmost  pressure  which  the  jaws  will  bear,  and  again  examine 
the  clamp  and  the  work  to  see 
if  the  jaws  are  parallel  and  the 
pressure  even. 

If  not,  loosen  the  end  spindle 
and  readjust   the   middle  si^indle 
by  oijening  or  closing  as  the  case 
may  n^quire.   To  open  and  close  the 
hand-screws  for  larger  or  smaller 
work,   do    not    screw   or   unscrew 
one  spindle  at  a   time.    Instead, 
grip    the    handle   of   the    middle 
spindle  in  the  left  hand,  and  the  handle'of  the  end  spindle  in  the 
right  hand.   Hold  the  hand  screw  at  arms  length  and  whirl  it  from 
or  toward  you  as  may  be  needed  for  closing  or  opening  the  jaws 
In  this  way  the  spindles  will  each  be  kept  in  its  proper  relative 
position,  and  the  jaws  will,  at  all  distances,  remain  parallel. 


Fig.  158. 


BUILT  UP  PATTERNS. 

A  good  example  of  the  manner  in  which  patterns  are  built  and 
glued  up  is  shown  in  the  construction  of  the  pattern  for  the  6-iiich 
sheav(?  pulley  shown  in  Fig.  158. 


vn 
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The  groove  is  a  semicircle  1  inch  wide,  and  the  rim  containing 
the  groove  is  connected  with  the  hub  by  a  eolid  web  ^  inch  in 
thidknesB,  and  having  tour  or  six  holes,  each  1  inch  in  diameter, 
this  web  taking  the  place  of  arms.  If  there  is  to  be  no  finish,  on 
the  sheave,  as  is  nsnal,  the  only  allowance  to  be  made  on  the  pat- 
tern, which  must  he  parted,  will  be  for  shrinkage  and  for  draft. 

A  cross-Bection  throogh  the  finished  pattern  for  this  casting  is 
shown  in  Fig.  159. 

In  all  large  patterns  of  this  kind,  the  web  is  first  glued  np 


Pig.  159. 
in  'sectors,  six,  eight  or  more  in  nmnbcr,  according  to  the  size  of 
the  sheave  (see  Fig.  160).  The  sectors  are  fitted  by  hand  or  on  the 
trimmer,  the  ends  are  glne-sized,  and  when  the  sizing  is  dry  the 
joints  are  carefully  scraped  smooth,  and  the  whole  glued  together. 
Aftec  drying  for  four  or  five  hours,  it  is  sawed  to  a  circle  of  ^-inch 
greater  diameter  than  the  finished  pattern,  and  the  block  for  the 


Fig.  160. 

hub  is  glued  over  the  center.  Six  segments  to  form  the  outer  rim 
are  glned  around  on  the  outer  edge,  cnre  being  tiiken  to  break  joints 
as  shown  in  Fig.  IGl.  If  the  groove  is  to  bt^  large,  the  six  segments 
should  be  of  half  the  thickness  only,  and  a  second  set  of  segments 
of  like  thickness  glued  over  the  first,  breaking  joints  not  only  with 
the  first  set,  bnt  also  with  sectors  of  the  web. 

In  other  words,  in  all  glued-up  rims,  no  two  joints  should  be 
directly  over  each  other.    All  joints  must  be  so  broken  and  so  dis- 
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Fig.  162. 


tributed  aa  to  give  the  greatest  poBsiblo  strength  to  the  rim. 
In  the  present  case,  onr  pattern  18  so  small  that  it  is  only 
necessary  to  use  a  thin  board,  \  inch  in  thickness  for  each  half  o'. 
the  web.  After  sawing  to  RJ  inches  in  diameter,  J  inch  tor  turn- 
ing, a  block  J  inch  in  thickness  is  gluL-d  on  the  center  of  each  to 
form  the  hub;  and  sis  segments  IJ 
inches  wide  and  J  inch  in  thickness, 
are  glued  around  on  the  outer  surface 
of  each  to  form  the  rim  and  groove,  i 
as  shown  in  Fig.  162. 

Care  must   be  taken  to  place  the  ' 
eegments    so    that    the    grain    of    the 
web    will    be   crossed    by    two  o£   the 
segments   as   shown   in   the    drawings. 

On  the  second  half  b  of  the  pattern,  a  thin  circular  block  J 
inch  in  thickness  is  glued  on  the  inside  op{x>site  to  the  hub  block, 
to  tonn  the  projection  (J  inch)  which  will  keep  the  two  halves  of 
the  pattern  in  atignmeut,  as  shown  in  the  cross- sectional  drawing 
in  Pig.  159.  Having  glued  up  the  stock  as  describt^,  and  as  shown 
in  Fig.  162,  the  outside  must  be  planed  to  a  level  surface,  or  so  that 
the  ais  segments  forming  the  rim  and  the  center  hub  block  will  be 
in  the  same  plane. 

The  half  pattern  is  now  sorewtd  on  the  screw  chuck  of  the 
lathe  as  illustrated  in  Fig.  163,  and  the  inside,  or  the  parting  face 
f,  is  turned  perfectly  straight  and  true.  The  ed^ 
is  turned  down  to  6  inches  in  diameter,  and  the 
quartered  circle  shown  by  the  dotted  lines  la 
carefully  shaped.  A  template,  made  as  shown  at 
d,  will  assist  greatly  at  this  stage  of  the  work.  A 
recess  is  turned  at  the  center,  and  in  the  face  of 
a.  Fig,  159,  IJ  inches  in  diameter  and  J  inch 
deep,  to  receive  the  corresponding  projection  on  the  half  pattern  J 
which  is  to  keep  the  two  halves  in  alignment. 

The  half  iiattem  a,  is  now  removed  from  the  screw  chuck,  and 
the  second  half  b  is  screwed  on  and  turned  in  the  same  manner 
except  that  the  central  projection  is  carefully  turned  to  fit  in  the 
recess  in  a. 

Before  removing  b  from  the  chock,  test  by  trying  the  second 


Fig.  163. 
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half  a,  and  change  b  until  a  perfect  fit  is  obtained  hetween  the  two 
halves,  not  only  in  the  central  recesa  and  projectioD,  but  also  in  the 
two  curves  which  form  the  Bemicircular  groove  of  the  rim.  A 
crosB-section  of  the  pattern  at  this  stage  of  conntraction  is  shown 
in  Fig.  164. 


Fig.  IM. 


Fig.  165. 

A  disc  or  chuck  of  wood  5^  inches  in  diameter  is  now  screwed 
to  the  iron  face-plate,  or  the  screw  chuck,  and  turned  off  true  on 
the  face  with  a  projection  J  inch  high  which  will  fit  into  the  recess 
in  the  middle  of  the  parting  face  of  a.  This  projection  will  center 
the  half  pattern  a  on  the  face  plate,  and  it  can  be  held  in  position 
by  two  or  fotir  short  wood  screws  driven  through  the  web  into  the 
wooden  chuck  as  shown  in  Fig.  165. 

Care  must  be  taken  to  place  the  screws  in  such  a  position  that 
the  screw  holes  will  be  cut  or  bored  out  when  making  the  four  or 
L  openings  1  iach  in  diameter 


in  the  finished  web  of  the  pulley. 
The  screws  must  be  small  and 
slender  and  the  heads  well  coun- 
tersunk out  of  reach  of  the  turn, 
ing  tools.  The  face  of  the  half 
pattern  is  now  turned  to  the  re- 
quired shape,  the  template  shown 
at  e  in  Fig.  165,  being  used  for  the 
purpose.  Having  finished  with 
fine  sandpaper,  remove  the  half 
"'  pattern,  and  turn  off  the  projec- 

tion on  the  center  of  the  wooden  chuck ;  turn  a  recess  instead  to  re- 
ceive the  projection  on  },  and  proceed  with  this  second  half  as  with 
the  first.  If  the  wood  has  been  well  seasoned,  and  the  work  carefully 
done  a  {>erfect  6-inch  sheave  pulley  pattern  will  be  obtained,  such 
as  is  sbovm  in  F^.  159. 
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The  patteni  for  a  sheave  pulley  has  been  esplaiueil  because  it 
embraces  bo  mauy  profitable  points  and  conditions,  not  only  in 
gluing  and  building  up,  but  especially  in  chucking  and  turning,  all 
of  which  must  be  done  with  great  care  and  accuracy. 

The  1-inch  holes  in  the  web  are  bored  out  with  a  l-lncb  center 
bit,  which,  when  well  sharpeiutl,  will  not  split  or  splinter  the  thin 
webs  of  the  two  halves  of  the  patteni,  if  care  is  taken  to  reverse 
the  bore  from  the  opposite  8 1 

side  when  the  ix»int  of  the i 

center  bit    comes    through. 

The  holes  should  be  given  a 

slight  draft  aa  shown  in  Fig.  ^ 

159,  with  a  smaU  half-round  A ;  ®^  A^  b*^  ^ 

cabinet  file.  When  very  large  Fig,  1606. 

sheave  pulleys,  having  arms,  are  to  be  made,  such  as  are  conimou 

for  power  transmission  by  rojx;  or  cable,  the  patterns  arc  not  halved 

but  are  made  in  one  piece  and  the  groove  is  cored  around  the  rim. 

Such  a  pattern  is  illustrated  in  Fig.  16(ia.  with  a  wide  core  print  a  o 

extending  entirely  around  the  periiihery  of  the  pattern. 

A  segmental  core  box  is  made  for  one  sixth  or  one  eighth  the 
circumference  of  the  wheel,  as  shown  in  Fig.  166  J,  and  hert;  again 
only  half  of  the  core  box  for 
a  full  core  is  needed.  When 
coring  the  rim  as  above,  the 
core  print  must  be  made  wide, 
at  least  two  to  three  times  the 
depth  of  the  groove,  so  that 
the  core  may  rest  firmly  and 
remain  in  position  withont 
tilting  while  the  metal  is 
being  poured  into  the  mould. 
Thf  12-iuch  hand  wheel.  Fig.  167,  with  five  arms  and  a  round 
rim  finished  to  IJ  inches  in  diameter,  will  also  sene as  a  good  illus- 
tration of  pattern  construction .  On  the  rim  of  the  pattern,  -jVinch 
over  all  its  surface  must  be  allowed  for  J?ni»^,  makiug  the  diameter 
of  the  rim  of  the  pattern  1|  inches,  and  the  outside  diameter  of 
th>.'  pattern  I'l^  inches,  while  the  inside  diameter  of  the  rim  will 
be  ^^  incht's 
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The  rims  of  such  patterns  are  tisually  turned  in  two  halves. 
A  wooden  chuck,  in  this  case  a  plain  board  122  inches  in  diameter, 
and  I  inch  to  1  ^  inches  in  thickness,  is  screwed  to  the  iron  face-plate 
of  the  lathe.and  turned  true  on  the  face  and  on  the  edge  to  12  J  inches 
in  diameter.  Ten  blocks  2^  inches  long,  2  inches  wide,  and  f  inch 
in  thickness  are  glued  radially  at  equal  distances  around  the  face 
of  the  chuck  as  in  Fig.  168.  These  blocks  are  turned  even  with 
the  edge  of  the  chuck,  and  the  faces  are  also  turned  off  true  and 
straight  so  as  to  form  a  joint  with  the  first  row  of  rim  segments. 

The  segments  ten  in  number  five  for  each  layer,  are  sawed 
from  a  ^-inch  board,  and  should  be  2  luches  wide. 


Fig  168 

Five  of  these  are  carefully  fitted  and  glued  to  the  face  of  the 
blocks,  as  shown  by  the  dotted  lines  in  the  drawing;  and  when  the 
glue  is  dry  the  chuck  is  returned  to  the  lathe,  and  the  face  of  the 
segments  turned  flat  and  true  to  receive  the  second  row,  which  is 
fitted  and  glued  to  the  first. 

Small  hand  screws  must  be  used,  three  on  each  segment,  to 
press  the  first  layer  to  the  blocks,  and  again  to  press  the  second 
layer  to  the  first.  The  joints  of  the  second  layer  must  be  over  the 
middle  of  the  alternate  blocks  from  the  joints  of  the  first,  so  as  to 
break  joints  with  the  first.  When  the  glue  is  dry,  place  the  chuck 
in  the  lathe,  and  turn  the  half  rim  thus  constructcKl  to  a  true  semi- 
circle with  an  outside  diameter  of  12|  inches  and  an  inside  diameter 
of  8|  inches,  using  a  semicircular  template  of  sheet  zinc  or  copi>er 
to  test  by  while  tuniing. 
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When  turued  and  sand-papered,  cut  from  the  block  of  the 
chuck  by  using  a  |-inch  parting  or  cuttiiig-off  tool,  care  being  taken 
to  cut  close  to  the  segments  forming  the  half  rim.  Torn  off  the 
face  of  the  blocks  on  the  chuck  true  and  straight  a  second  time, 
and  construct  and  turn  the  second  half  of  the  rim  in  the  same 
way  as  described  for  the  first ;  but  great  care  must  be  taken  to  make 
the  two  diameters,  outside  and  inside,  of  each  half  exactly  alike, 
otherwise  the  work  oa  one  half  will  be  lost.  As  it  is  difficult  to 
hold  these  two  half  rims  for  planing  and  fitting  together,  a  concave 
and  semicircular  groove  turned  in  the  face  of  a  second  board,  or 
chuck,  in  which  they  can  be  laid  while  being  planed  or  fitted,  will 
be  found  useful. 


Pis.  169. 


In  all  rim  work  of  this  kind  the  circular  s^i^ents  should  bo 
cut  lengthwise  with  the  grain  of  the  wood,  the  object  being  in  this 
construction,  to  do  away,  as  much  as  i)os8ible,  with  all  end  wood. 

While  waiting  for  the  separate  layers  of  glned  segments  to 
dry,  the  arms  should  be  made  so  as  to  be  ready  for  the  two  half 
rims  when  completed. 

Tlie  arms  in  this  case  should  be  made  |  inch  in  thickness  at 
the  liub  and  ^  inch  in  thickness  where  they  enter  the  rim  of  the 
wheel.     The  construction  is  as  shown  in  Fig.  169. 

Five  pieces,  each  5|  inches  long,  2^  inches  wide,  and  |  inch  in 
thickness  are  necessary.  After  being  carefully  fitted  oa  the  trim- 
mer, a  saw  kerf  t^  inch  deep  is  cut  in  each  joint  (a,  Fig.  169),  into 
which  a  thin  tongue  of  wood  is  inserted  and  glued,  the  tongues 
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serving  as  tenons  to  hold  the  arms  together.  After  fitting,  and 
before  grooving  with  saw  kerf,  the  joints  must  be  glue-sized  and, 
when  dry,  carefully  scraped  smooth  with  a  sharp  chisel. 

The  grain  of  the  wood  in  the  tongues  must  run  at  right  angles 
to  or  crosswise  of  the  joint  to  insure  the  greatest  strength. 

When  glued  together  and  dry,  from  the  center  or  intersection 
of  the  five  pieces,  mark  with  dividers  set  to  a  radius  of  5^  inches, 
and  cut  off  the  ends  of  the  arms  so  that  they  will  project  each  half- 
way into  the  rim. 

From  the  same  center  describe  a  circle  3  J  inches  in  diameter, 
forming  the  web  of  the  arms;  and  from  this  3J-inch  circle,  taper  the 
arms  to  ^  inch  in  thickness  at  the  ends,  care  being  taken  to  plane 
the  same  amount  from  each  side,  and  to  dress  the  arms  evenly  so 
that  they  will  revolve  in  the  same  plane.  This  being  done,  from 
the  center  describe  arcs  on  the  outer  ends  of  the  arms,  with  a  radius 
of  4§  inches  (8f  inches  diameter,  which  is  J  inch  less  than  the 

b 
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Fig.  170.  Fig.  171. 

inside  diameter  of  the  rim),  and  divide  i;he  imaginary  circle  thus 
formed  into  five  equal  parts  with  the  dividers.  Draw  radii  from 
the  points  thus  obtained,  to  the  center.  These  radii  will  be  the 
central  lines  of  the  arms,  as  shown  by  the  dotted  lines  in  Fig.  169. 
On  each  side  of  the  intersection  of  the  radii  and  outer  circle, 
measure  \  inch  to  the  right  and  left,  and  on  the  circle  denoting  the 
circumference  of  the  web,  mark  -H  on  each  side  of  the  radii;  con- 
nect the  points  thus  obtained,  and  the  result  will  be  five  arms  If 
inches  wide  at  the  web  and  1  inch  wide  at  the  rim,  as  shown  in  the 
drawing.  The  ends  of  the  arms  which  enter  the  rim  should  be,  in 
this  case.  If  inches  wide,  and  the  sides  are  drawn  parallel  to  the 
radius  which  marks  the  center  of  each  arm.  The  curves  which 
connect  the  arms  at  the  hub  must  be  drawn  of  such  radius  as  to 
make  the  curve  tangent  to  the  circle  forming  the  extremity  of  the 
web,  and  also  tangent  to  the  sides  of  the  two  connected  arms  as 
shown  at  d.     The  small  circles  at  the  intersections  of  the  arms  with 
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the  rim,  moat  be  tangent  to  the  edge  of  the  arm  and  to  the  circle 
(8J  inches  diameter)  which  marks  -^  inch  less  than  the  inside 
diameter  o£  the  rim  as  shown  at  c  c. 

Having  laid  ont  the  arms  as  above,  and  as  shown  in  the  draw- 
ing by  the  dotte<l  lines,  saw  them  to  shai>c  and  roiuid  them  up  to 
an  elliptical  fonii  us  shown  in  the  cross -suction  at  c.  Fig.  Ifi9.  The 
finishiHl  shaije  oC  the  arm  at  any  point  in  its  length,  is  found  by 
drawing  a  cross-section  of  the  arm  at  that  jwiiit,  as  in  Fig.  170. 

Divide  the  cross-section  equally  by  the  line  A  B;  measure  tV 
inch;  asat  «(i  dj^;  and  with  dividers jidjustcd  eo  as  to  be  tangent  to 
the  sitles  of  the  cross-section  <»f  the  arm,  and  to  pass  through  it  c 
and  dj",  draw  the  curves  a  fj  c  and  (f  ej". 

After  filing  and  working  off  the  sides  of  tlie  arms  to  these 
curves,  the  angles  at  a  c  rl  and  /'  are  carefully  rounded  with  sand 
paper,  care  being  taken  not  to  lessen  the  width  of  the  arm  at  any 
point.  The  resolt  will  be  as  shown  in  Fig,  171,  which  gives  a 
strong,  firm  edge  to  the  arm,  and  one  which  will  not  break  or  splin- 
ter off  while  being  rammed  up  in  the  sand. 

The  arms  thus  shaped  and  finished  arocutor^ei  Jinch  into  each 
half  of  the  rim,  and  great  care  must  be  taken  to  keep  them  central  with 
the  rim,  Before  marking  the  rim  for  the  mortises  which  will 
receive  the  ends  of  the  arms,  test  their 
positions  with  the  dividers,  spacing  from 
the  center  of  the  anns  to  the  outside  edge 
of  the  rim,  and  moving  the  anna  until  a 
central  position  is  obtained;  after  which, 
with  the  ix)int  of  a  knife  or  awl,  scribe 
around  the  end  of  each  arm,  and  proceed  to 
cut,  with  a  chisel,  the  mortises  J  inch  deep  ^^'H-  !"-■ 

into  each  of  the  half  rims,  and  so  cut  and  fit  that  the  two  pieces  of 
the  rim  may  meet  and  form  a  close  joint,  after  which  they  are  glued 
and  clamped  together  over  the  arms  with  hand  screws. 

The  hubs  are  next  turned,  each  from  a  solid  block,  or  better 
from  thin  pieces  J  inch  to  |  inch  in  thickness,  each  thin  piece  being 
placed  crosswise  on  the  other,  as  shown  in  Fig.  172.  The  hubs 
must  be  turned  with  a  draft  or  taper  of  g  inch  to  12  inches,  aud 
have  a  curve  of  J-inch  radius  at  the  base  where  they  unite  with 
the  arms.     Aftergluing  on  the  hubs,  smooth  off  all  connected 
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d  hab,  and  finish  with  three  ooats  of  eheiloc,  eaod- 
i  between  each  coat,  as  already  described  for  other 

l  of  pattenis  for  special  pulleys  entere  laigely  into 

ny  pattern  shops.     In  these  patterns  the  rima  are 

lents  I  inch  to  ^  inch  in  thickness. 

■-ate  this  work  fnlly,  k't  ns  take  np  the  snccessive  steps 

ction  of  a  conntershaft  pulley  20  inches  in  diameter 

Jh  face,  made  to  fit  a  shaft  1|  inches  in  diameter. 

1  for  snch  a  pnlley  is  shown  in  Fig.  173.     The  diameter 

of  the  arms  is  5  inches,  and  the  diamokr  of  the  hub  3^ 

I  at  each  end  and  tapering  to  3|  inches  in  diameter  at  the 


-ei'- 


Fig.  na 

If  the  rim  is  to  be  finished  on  the  face  and  eilges  only,  ^  inch 
must  be  allowed  for  turning,  making  the  oiitside  diameter  of  the 
pattern  20|  inches,  and  the  width  of  the  face  should  be  6J  inches. 

In  addition  to  -^  inch  tor  finish,  the  draft  on  the  outside  of  the 
rim,  from  each  edge  to  the  center,  should  be  in  the  ratio  of  ^  inch 
to  12  inches,  and  on  the  inside  of  the  rim  the  draft  must  be  |  inch 
to  12  inches. 

The  thickness  of  the  rim  at  its  edges  will  be  -^  inch,  and  with 
outside  and  inside  draft  added,  its  thickness  at  the  arms  will  be 
about  -rV  inch.  The  inside  diameter  of  the  rim  at  the  arms  will  be 
nearly  19^  inches.     This  pulley  should  have  six  straight  arms 
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I  inch  in  thickness  iit  the  hub  and  ^  inch  in  thickness  at  the  rim. 
The  width  of  the  arms  at  the  web  should  be  1|  inches  and  at  the 
rim  1^  inches  exclusive  of  the  connecting  curves  at  web  and  rim. 
Six  pieces  10^  inches  long,  2|  inches  wide,  and  f  inch  in  thickness, 
mnst  be  carefully  fitted  as  shown  in  Fig.  174. 

After  fitting,  the  connecting  joints  are  glue  sized,  and  when 
dry  careftilly  scrai)ed  smooth  with  a  sharp  chisel,  and  a  saw  kerf 
iV  inch  deep  cut  in  each.     The  tongues  used  for  tenons  in  these 
kerfs  should  be  a  little 
less  than  8  inch  long, 
the  grain  of  the  wood 
running  always  at  right 
angles  to  the  line  of  the 
joint  to  give  the  greatest 
strength  to  the  tenons. 
The  six  pieces  should 
be  glui-d  in  two  groups 
of    three  pieces  each; 
and  when  dry,  these  two 
groups  can   easily   be 
refitted,    if 
and  glued. 

The  next  step  is  to  draw,  from  the  center  formed  by  the  inter- 
section of  the  six  piecM,  a  circle  5  inches  in  diameter,  representing 
the  web  of  the  arms,  and,  near  the  extremities  of  the  pieces,  the 
arcs  of  a  circle  20|  inches  in  diameter,  representing  \  inch  greater 
diameter  than  the  outside  diameter  of  the  rim.  Carefully  divide 
these  last  arcs  into  six  equal  spaces  with  the  dividers,  bringing 
the  iwints  thus  obtained  as  nearly  to  the  middle  of  the  six  arms  as 
possible ;  and  from  the  six  points  thus  spaced,  draw  radial  lines  ccm- 
n<^cting  tht:m  with  the  center  or  intersection  of  the  six  arms. 
These  radial  linos  (shown  dotted  in  the  drawing)  will  be  the  center 
Hue  of  each  arm. 

Saw  off  the  ends  of  the  arms  on  the  above  20|-inch  arcs,  and 
from  tlie  center  again  draw  on  the  six  arm-pieces  a  third  circle, 
whose  diameter  should  be  at  least  j^  inch  less  than  the  inside diam> 
cter  of  the  rim,  in  this  case  19  inches.  On  these  arcs  measure 
I  inch  on  each  side  of  the  center  line,  and  on  the  circle  represent- 
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ing  the  web,  measure  |  inch  on  each  side;  connect  these  points 
fiom  web  to  rim,  and  the  arms  will  be  If  inches  wide  at  web,  and 
1^  inches  at  the  rim. 

These  lines  are  shown  by  the  dotted  lines  in  Fig.  174.  The 
width  of  the  ends  of  the  arms  passing  through  the  rim  should  be 
about  2|  inches,  and  the  sides  drawn  parallel  with  the  center  line 
of  the  arm,  as  shown  for  hand-wheel  arms  in  Fig.  169.  The  radius 
of  the  circle  connecting  the  sides  of  the  arms  and  the  web,  must 
be  such  as  to  be  tangent  to  the  edges  of  the  two  connected  arms, 
and  also  tangent  to  the  circle  marking  the  diameter  of  the  web. 

The  smaller  curve  connecting  the  two  edges  of  each  arm  with 
the  rim  must  be  of  such  radius  as  to  be  tangent  to  the  arm  and  to 
the  19-inch  arcs  which  mark  the  inside  of  the  rim  (less  ^  inch). 
All  these  lines  are  shown  dotted  in  Fig.  174.  The  arms  are  now 
ready  for  sawing  to  shape  on  the  band  or  scroll  saw,  care  being 
taken  to  saw  just  outside  of  the  lines  so  that  each  arm  may  retain 
its  full  size  and  width. 

After  sawing  to  shape,  the  edges  must  be  dressed  smooth  and 
free  from  all  irr^ularities  of  the  sawing. 

Next,  from  the  web  circle,  taper  the  arms  to  g  inch  in  thickness 
at  the  extreme  ends,  care  being  taken  to  see  that  the  taper  of  both 
sides  of  the  arms  is  uniform  from  the  web  circle  to  the  rim. 

The  shape  of  the  arms  should  be  elliptical  or  nearly  so,  and  a 
cross-section  at  any  point  in  an  arm  may  be  obtained  in  the  same 
manner  as  described  for  the  hand  wheel  shown  in  Figs.  170  and  171, 
and  the  methods  used  for  shaping  and  finishing  are  the  same. 
For  building  the  rim,  a  wooden  chuck  20J  inches  in  diameter  will 
be  necessary. 

A  board  J  inch  in  thickness  and  having  a  bar  8  inches  wide 
and  of  the  same  thickness,  well  screwed  to  the  back  with  wood 
screws  will  be  all  that  is  necessary  for  a  pulley  of  this  size.  To 
the  8-inch  bar,  the  iron  face-plate  of  the  lathe  is  screwed,  and  the 
whole  turned  off  true  in  the  lathe,  especially  the  face  of  the  chuck 
to  which  the  first  layer  of  segments  is  to  be  glued. 

Strips  of  heav'y  paper  are  often  glued  between  the  first  layer 
of  segments  and  the  face  of  the  chuck,  so  that  the  rim  and  the 
chuck  may  be  easily  separated  when  the  rim  is  turned  and  finished. 
The  paper  usually  splits,  allowing  separation  without  injury  to  the 
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wood,  A  better  method,  however,  ia  to  glue  twelve  blocks,  each  2 
inches  long,  2  inches  wide,  and  J  inch  in  thickness,  to  the  face  of 
the  chnck,  in  the  same  way  as  that  described  for  the  small  hand 
wheel  shown  in  Fig.  IfiS. 

When  the  rim  ia  finished  it  may  be  sawed  or  cnt  off  throngh 
the  blocks  without  injury  to  tho  chuck  and  its  fnture  use.  The 
segments  to  form  the  rim  should  be  six  in  number  for  each  layer. 
They  should  be  g  inch  wide,  and  cut  from  £-inch  or  ^-inch  stock, 
k-ngthwise  with  the  grain  of  the  board,  so  as  to  avoid  end  wood. 
The  first  layer  is  fitted  and  glued  to  the  blocks  (or  to  the  face  of 
the  chuck  with  pajjer  between),  and  securely  clamijed  with  small 
hand-BcrewB,  three  to  each  segment.  When  the  glue  is  dry,  one  hour 
being  sufficient  for  thin  f-iach  segments,  plao«  the  cliuck  in  the 
lathe,  and  carefully  turn  off  the  face  of  the  segments  true  and 
straight  to  receive  the  second  layer. 

This  layer,  in  turn,  is  turned  off  in  the  lathe  and  th(>  third 
layer  is  gluwl  on,  hand  screws  being  used  on  each  layer  as  on  the 
first,  and  the  joints  of  the  segments  so  broken  that  no  two  will 
be  directly  op^nsito  each  other,  all  joints  being  carried  to  right  or 
left  of  all  preceding  joints,  thus  securing  the  greatest  possible 
strength  to  the  rim. 

No  nails  should  be  used  in  any  work  of  this  description. 
Having  glued  on  a  sufficient  number  of  layers  to  form  half  of  the 
rim,  turn  it  to  the  required  external  and  internal  diameters,  making 
the  thin  or  outer  etlge  of  tho  half  rim  next  to  the  chuck,  and  care- 
fully giving  the  requiri'd  draft  to  each  side. 

Before  removing  the  half  rim  from  tho  chuck,  turn  a  groove  -^ 
inch  to  J  inch  in  depth  and  of  about  one  third  of  the  width  of  its 
thickness  in  the  e<lge  of  the  rim,  as  shown  in  Fig.  173  at  a.  Re- 
move the  half  rim  from  the  chuck  (or  cut  from  the  blocks),  and 
proceed  to  build  up  and  to  turn  the  second  half  i  In  tho  same  way 
iia  the  first.  Instead,  however,  of  turning  a  groove  on  its  edge, 
carefully  turn  and  fit  a  small  projection,  or  tongue,  to  the  groove 
in  the  half  a,  as  shown  in  the  drawing.  If  tho  work  has  been  done 
with  care  and  accuracy  the  groove  and  tongue  will  bring  the  two 
halves  Into  perfect  alignment. 

The  anna  are  next  fitted  centrally  to  each  half  of  the  rim,  and 
the  two  halves  glutei  together  over  the  arms  in  the  same  way  n.i 
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described  for  the  hand- wheel  pattern.  The  projecting  ends  of  the 
arms  are  cut  off  and  shaped  to  form  a  part  of  the  outside  of  the 
rim.  The  internal  curves  of  the  arms  at  the  inside  of  the  rim  are 
also  filed  and  shaped  dovm  so  as  to  form  true  curves  without  cusps 
or  irregularities.  The  hub  is  next  glued  up  in  cross-layers  as 
described  in  Pig.  172,  turned  out,  and  glued  centrally  on  each  side 
of  the  arms. 

The  pulley  being  intended  for  a  If-inch  shaft,  the  core  prints 
X  and  y,  Fig.  173,  should  be  1^  inches  in  diameter,  which  will  give 
J  inch  of  metal  for  boring  out  to  fit  the  shaft.  The  two  core  prints 
(Fig.  175)  should  be  turned  separate  from  the  hubs,  and  loosely 

attached  with  a  pin  |  inch 
|1-^  in  diameter,  and  |  inch  long, 

into  each  half  hub,  so  that 
other  sizes  may  be  used  for 
larger  or  smaller  shafts.  The 

^ two  half  hubs  are  often  made 

Fig.  175.  loose  so  that  they  may  be 

changed  for  larger  or  smaller  hubs  as  may  be  required  for  different 
sizes  of  shafts.  In  such  cases  they  are  attached  centrally  to  the 
arms  as  described  for  the  core  prints. 

A  second  method  in  the  construction  of  such  special  pulleys 
is  as  follows: 

The  half  rim  having  been  glued  up  as  described,  the  ifiside 
only  of  this  half  is  turned  to  the  required  dimensions  and  draft, 
sand-papered,  and  finished,  the  width  of  the  half  rim  being  made  in 
this  case  -^  inch  less  than  the  half  of  the  face  of  the  completed 
pattern.  The  arms  are  carefully  centered  and  glued  to  this  half 
rim ;  and  the  intervening  sjmces  between  the  ends  of  the  arms  are 
filled  in  with  six  segments  ii  inch  in  thickness,  which,  when  glued 
and  dry,  are  planed,  7iot  turned^  true  and  even  with  the  surface  of 
the  arms. 

A  layer  of  segments  of  the  regular  thickness  is  fitted  and 
glued  on  over  the  arms,  and  layer  after  layer  continued  until  the 
full  width  of  the  face  of  the  pattern  is  reached,  thus  building  the 
arms  directly  into  their  place  in  the  pattern  as  the  rim  is  glued  up. 
In  turning  and  finishing,  care  must  be  taken  not  to  strike  the  arms 
with  the  tools  while  turning  out  the  inside  of  the  outer  half  of  the  rim. 
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This  method  will  be  found  convenient  for  all  pulleys  ot  mod- 
erate width  of  face;  bnt  as  the  spaces  between  the  arms  cannot  be 
t\imed  out,  great  inconveniences  in  reflching  these  places  will  bo 
found  when  the  face  of  the  pulley  is  twelve  or  more  inches  in 
width.     These  spaces  must  be  dressed  out  by  hand. 

The  instructions  regarding  the  constmction  of  the  last  three 
patterns  should  be  studied  carefully,  because  the  general  points 
involved  enter  largely  into  the  construction  of  patterns  of  all  kinds, 
and  especially  for  all  work  having  arms  with  circular  rims. 

When  pulleys  of  standard  sizes  for  line  shafting  are  manu- 
factured in  quantities,  a  skeleton  pattern  consisting  of  hub,  arms, 
and  an  inde|)endent  iron  rim  is  usetl.  This  iron  rim  is  of  moileratu 
width  but  may  be  iiswl  for  obtaining  any  width  of  face  desired. 

Wooden  puttf'ms  complete  in  themselves,  as  that  described  for 
Fig.  173,  are  useil  for  nil  spi'cial  pulleys  on  machines  when  the 
required  sizes  and  widths,  us  also  hubs  and  connections,  are  irregu- 
lar and  designed  only  for  the  special  machine,  so  that  the  making 
of  pulley  patterns  is  important  in  nearly  all  foundries  and  pattern 

8hO[ffi. 

Where  the  iron  rim  is  to  be  made,  the  same  care  is  necessary 
in  the  building  up  of  the  original  wooden  pattern.  It  must  be 
remembered  that  before  the  final  casting  is  obtained,  two  shrink- 
ages will  take  place;  first,  the  shrinkage  of  the  original  casting 
from  which  the  iron  ring  is  turned,  and  then  the  shrinkage  of  the 
casting  made  from  this  pattern.  In  addition  to  this,  there  must  be 
the  allowance  for  turning  the  ring  both  inside  and  out  and  for  the 
turning  of  the  outside  pulley  rim.  Suppose  the  pattern  is  to  be 
made  for  a  pulley  two  feet  in  diameter.  The  usual  allowance  for  a 
single  shrinkage  is  made  by  the  shrinkage  rule.  In  this  case  the 
allowance  must  be  doubletl.  Thus  in  the  above  pulley,  the  diame- 
ter of  the  wooden  iiattem  becomes  24J  +  J  =;  24J  inches,  standard 
rule  measurements,  or  24  +  J  =  24^  inches,  shrinkage- rule  meas- 
nremcnts.  As  a  very  smooth  surface,  free  from  holes,  is  retpiirc-d, 
J  inch  in  diameter,  or  J  inch  all  around,  must  be  allowed  for  out- 
side finish  on  the  iron  ring,  and  ^  inch  for  finish  on  the  rim  of  the 
cast-iron  pulley. 

The  outside  diameter  of  the  original  wooden  pattern  is  24^  + 
^  -j-  J  =  24g  inches,  with  shrinkage  rule.     If  the  final  thickness  of 
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the  pulley  rim  is  to  be  f  inch,  this,  with  the  allowance  of  J  inch 
for  turning  out  the  inside  of  the  iron  ring,  makes  the  inside  diam- 
eter of  the  wooden  pattern  23  inches,  and  the  thickness  of  the 
wooden  rim  if  inch,  all  shrinkage-rule  measurements. 

This  wooden-ring  pattern  must  be  built  up  on  a  chuck,  as 
described  for  the  20-inch  X  6-inch  pulley,  the  segments,  six  in  nima- 
ber  for  each  layer,  fitted,  glued,  and  clamped  with  three  hand  screws 
to  each  segment  until  a  width  of  6^  inches  is  reached. 

It  is  then  turned  to  the  above  dimensions,  vyithout  any  drafts 
and  sent  to  the  foundry,  where  it  may  be  used  for  obtaining  an  iron 
rim  of  any  required  width  by  first  ramming  the  sand  about  the 
pattern,  partly  drawing  it,  and  then  ramming  again  to  a  new  level. 

The  casting  thus  obtained  is  then  turned  to  the  dimensions 
oalled  for  by  an  ordinary  pattern;  that  is  to  say,  the  shrinkage-rule 
measurements  would  leave  it  23J  inches  in  diameter  on  the  inside 
and  24J  inches  on  the  outside,  permitting  a  final  finishing  of  the 
outside  of  the  rim  of  the  pulley  to  a  diameter  of  24  inches.  When 
this  is  done,  two  §-inch  holes  should  be  drilled  near  one  edge  of  the 
rim  and  diametrically  opposite  each  other,  into  which  hooks  may 
be  inserted  for  drawing  the  pattern.  This  rim  should  also  be 
turned  straight  and  without  any  draft. 

The  arms  are  usually  made  with  a  wooden  pattern,  which  has 
a  dowel-pin  hole  on  each  side  at  the  center  for  attaching  the  hubs 
that  are  loose,  the  object  being  to  change  their  length  and  diame- 
ter to  suit  the  width  of  the  rim  and  the  diameter  of  the  shaft  ujx)n 
which  the  pulley  is  likely  to  be  placed. 

The  arms  of  all  pulleys  should  be  straight  because  of  the 
greater  strength  given  to  the  pulley  as  a  whole,  the  driving  and 
resisting  power  being  at  least  one-third  greater  than  in  a  pulley  of 
the  same  dimensions  having  curved  arms.  Curved  and  shaped 
arms  of  all  kinds  are  now  used  only  for  ornamental  purposes  and 
for  very  light  work. 

The  arms  should  be  six  in  number,  except  for  very  small 
pulleys,  when  five  and  even  four  are  often  used.  The  dimensions 
of  the  arms  vary  greatly,  depending  on  the  purpose  for  which 
the  pulley  is  to  be  used,  and  the  weight  of  the  machinery  to  be 
driven. 
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For  the  beginner  the  following  formula  is  safe  to  follow: 

h  =  J?^,        in  which 

h  =  the  breadth  of  the  arm  at  the  outer  end, 
d  =  the  outside  diameter  of  the  pulley, 
to  =  the  width  of  the  rim, 
n  =  the  number  of  arms, 

all  dimensions  being  taken  in  inches.  Thus,  for  a  pulley  24  inches 
in  diameter  with  a  rim  6  inches  wide  and  fitted  with  5  aimb,  the 
formula  becomes* 


\  0X8 


Hence,  J  =  1.53  inches  or  1\  inches. 

The  width  of  the  arm  should  be  one-fourth  greater  at  the  hub 
than  at  the  rim.  The  thickness  at  the  hub  and  rim  should  be  one- 
half  the  width,  and  the  section  should  be  elliptical.  The  arm  just 
calculated  then  becomes, 

IJ^  inches  wide  at  rim, 
%  inch  thick  at  rim, 
1%  inches  wide  at  hub, 
1      inch  thick  at  hub. 

For  the  skeleton  pattern  last  described,  the  common  method 
of  constructing  the  pattern  for  the  arms,  is  to  make  each  arm  of  a 
sei^arate  piece  of  wood  with  the  grain  running  in  the  general  direc- 
tion of  the  arm,  and  to  fasten  them  together  at  the  center  with  glue 
and  a  flat  plate  or  disc,  which  can  also  be  used  as  a  rapping  plate. 
This  pattern  need  be  parted  only  in  the  case  of  very  large  and 
heavy  wheels.  For  all  ordinary  work  it  can  be  made  in  one  piece 
and  moulded  as   directed  in   connection   with    the  hand  wheel, 

Fig.  ir>7. 

HUBS. 

An  ordinary  rule  is  to  make  the  outside  diameter  of  the  hub 
twice  the  dianuiter  of  the  shaft.  The  two  half  hubs  (one  on*  each 
side  of  the  arms)  are  usually  loose  and  are  held  central  by  a  single 
dowel  i)in.  Their  diameters  are  adapted  to  the  size  of  the  shaft 
upon  which  the  pulley  is  to  run,  and  the  length  is  proportioned  to 
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the  vidth  of  the  rim  as  well  ii8  its  diameter.  The  length  of  the 
hub  should  be  about  two-thirds  the  width  of  the  rim  escejit  in  the 
cases  of  tight  and  loose  pulleys,  where  the  hub  should  be  a  trifle 
longi^r  than  the  width  of  the  rim.  It  may  then  project  about  ^  inch 
on  the  sides  in  contact,  ajid  J  inch  on  the  outside. 

RAPPING  PLATES. 

In  the  description  of  the  making  of  the  pulley  pattern,  the 
ring  sening  as  a  binder  for  the  hub  is  i>iK)ken  of  as  a  rapping  plate. 
When  a  pattern  Is  imbedded  in  the  sand,  the  latter  is  closely  com- 
pressed alt  about  it,  and  slightly  adheres.  The  moulder  is,  thertt- 
fore,  in  the  habit  of  rapping  the  iiatteni  gently  in  order  to  loosen 
it  in  the  sand  before  attempting  to  draw  it.  If  the  pattern  is  not 
provided  with  a  metal  plate,  the  moulder  will  drive  the  sharjj  point 
of  a  lifter  into  the  wood  and  strike  it  alternately  on  opiwsite  sides 
and  at  the  same  time  use  it  to  lift  the  i)att<^ni  from  the  soud.  This 
murs  the  pattern  and  will  in  time  ruin  it.  The  rapping  plate, 
shown  in  the  engraving,  is  a  piece  of  thin  metal 
J  to  A  inch  thick,  inserted  so  that  it  is  flush 
with  the  parting  face  of  the  pattern  and  is  held 
by  wood  screws  with  countersmik  heads.  These 
plates  are  drillei.1  and  tappiil  for  a  |-inch  screw 
and  should  be  the  same  for  all  jMittems  in  the 
Rapping  piaie.  foundry  SO  that  one  set  of  rods  can  be  used 
interchangeably.  The  method  of  using  is  to  screw  the  rod  into 
the  plate  and  rap  it  gently  to  and  fro  until  the  pattern  has  been 
loosened,  when  it  may  bo  lifted.  For  small  patterns,  one  rapping 
plate  will  be  sufficient  and  this  should  be  so  placed  that  the  hole 
for  the  lifting  rod  comes  directly  over  the  center  of  gravity  of  the 
piece.  This  will  pn;veiit  tilting  of  the  pattern  as  it  is  lifted  from 
the  sand.  For  medium  sized  patterns,  two  rapping  plates  should 
be  provided,  so  that  the  pattern  can  be  raised  from  two  opposite 
sides.  For  still  larger  patterns  three  or  four  rapping  plates  are 
used;  the  object  being  to  give  such  perfect  control  when  drawing 
that  there  can  be  no  tearing  away  of  the  sand. 

METAL   PATTERNS. 

Metal  patterns  are  extensively  used  where  either  one  of  two 
conditions  prevail:  first,  where  the  character  of  the  work  is  so  light 
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and  delicate  that  a  wooden  pattern  could  not  hold  together,  bs  in 
omamental  castings;  and  second,  where  snch  a  large  number  of 
castings  are  to  be  made  that  the  wo9den  pattern  would  not  last 
long  enough  to  complete  the  work.  Metal  patterns  may  be  made 
of  iron,  brass,  oraluminum.  The  latter  metal  is  coming  into  great 
favor  because  of  its  light  weight  and  its  freedom  from  corrosion  by 
the  moist  sand.  These  patterns  should  be  given  a  light  coating  of 
shellac  varnish,  but  it  is  not  absolutely  necessary.  Where  iron  is 
used,  some  preservative  must  be  put  upon  the  surfaces  to  protect 
them  from  rust.  The  best  method  is  to  warm  the  metal  and  rub  it 
with  a  rag  dipped  in  melted  beeswax.  This  excludes  the  air  and 
leaves  a  smooth  surface  so  that  it  is  easily  drawn  out  of  the  sand. 
This,  however,  is  not  a  very  durable  protection;  the  more  common 
method  IB  to  use  a  shellac  varnish.  In  order  that  th«  varnish  may 
adhere,  thu  metal  should  first  be  wet  with  a  solution  of  sal  ammo- 
niac, end,  when  dry,  sand-papered  and  shellaced. 

In  the  small  12-inch  crauk  pattern  shown  in  Fig.  176,  is  shown 
a  very  simple  one-piece  pattern.  In  spite  of  its  simplicity  it  requires 
considerablp  akill  in  shaping 
and  in  obtaining  the  neces- 
sary draft.  Thi!  parting  of 
the  mould  will  be  on  the  Hue 
C  D.  The  piece  ^ ,  for  the 
main  body  of  the  pattern,  0~| 
should  be  made  rectangular  in 
form,  and  laid  off  with  center 
lines  from  which  the  positions  Fig- 1'^^- 

of  the  bosses  c,  h,  and(/,and  the  core  print  j;  may  bedrawn  on  the  upper 
and  lower  sides  respectively.  The  bosses  are  turned  on  tho  lathe 
to  the  required  form,  and  given  a  draft  of  \  inch  to  12  inches.  After 
b  and  c  have  b<.'en  glued  on,  the  part  e  is  sawed  to  shape,  sawing 
cloBi'  to,  but  not  touching  b  and  c  with  the  saw.  The  thin  boss  d 
is  next  glued  in  place,  after  which  e  ts  fih^i  and  dressed  to  the 
Inquired  shape  and  even  with  b  and  <•,  giving  it  the  same  dnift, 
\  inch  to  12  inches,  but  in  the  opposite  direction  from  the  jHirting 
line  C  D.  The  rib  a  is  next  turned  on  the  lathe,  and  ont-  side  split 
off  on  the  band  saw.  after  which  it  i:5  fitU-d  between  h  and  c.  The 
core  prints  may  be  turned  with  a  small  tenon  on  one  end  to  fit  into 
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Pig.  177. 


holes  bored  in  the  pattern,  or  they  may  be  tamed  flat  on  both  ends 
and  nailed  on.  Core  prints  x  and  x  must  have  no  more  draft  than 
is  given  to  the  body  of  the  pattern  (J  inch  to  12  inches);  but  s  and 
s,  which  will  be  moulded  in  the  cope,  must  be  \  inch  less  in  diame- 
ter at  the  upper  end  than  the  diameter  at  the  base. 

The  heavy  engine-crank  pattern  illustrated  by  Fig.  177,  differs 
but  little  in  general  construction  from  that  shown  in  Fig.  176,  ex- 
cept that,  being  large  and  heavy, 
it  must  be  built  up  out  of  thin 
stock,  as  shown  in  the  drawing. 
The  stock  is  first  glui'd  up  to 
the  necessary  thickness,  after 
which  it  is  laid  out  and  sawed  to 
shape  as  one  piece,  the  saw  table 
being  tilted  slightly  to  give  the 
required  draft,  which  in  this  case 
must  not  be  more  than  J  inch  or  -^  inch  to  12  inches. 

The  bosses  e  and  /  are  also  glued  up  out  of  thin  stock,  the 
pieces  being  crossed  bo  that  the  grain  of  each  will  be  at  right 
angles  to  that  of  the  other,  as  illustrated  in  Fig.  172,  after  which 
they  are  turned  with  a  draft  of  \  inch  to  12  inches,  and  fitted  to  a. 

Of  the  four  core  prints 
only  X  and  x  will  have  exces. 
sive  draft,  as  explained  in  con- 
nection with  Fig.  176;  s  and 
z  must  have  no  more  draft 
than  the  body  of  the  pattern. 
The  parting  of  the  mould,  eis 
in  the  former  case,  will  be  on 
the  line  F  G. 

In  Fig.  178,  is  illustrated 
a  finished  cast-iron  disc  crank  '^' 

for  an  engine  of  12-inch  stroke.  This  crank  is  finished  on  the  face, 
on  the  outer  edge,  and  on  the  end  of  the  hub.  It  is  bored  out  3J 
inches  to  fit  on  the  engine  shaft,  and  2J  inches  to  receive  the  wrist 
pin.  An  addition  of  J  inch  must  be  allowed  on  the  pattern  for 
finish  of  the  face,  and  the  same  on  the  end  of  the  hub;  A  inch 
will  be  sufficient  to  add  for  finish  on  the  outer  rim,  making  the 


PATTERN  MAKING 


diameter  of  the  pattern  16,^  inches,  and  the  thickness  of  the  disc 
T^  inch.  A  sectional  view  of  the  pittern  is  shown  in  Pig.  179. 
The  disc  for  this  pattern  must  be  made  of  two  thicknesses  of 
sectors,  six  in  number  for  each  thickness,  which,  after  being  fitted, 
glue-sized,  and  gluL-d  together,  are  planed  off  true  on  both  sides, 
and  glued  on  each  other  bo  as  to  break  joints,  as  shown  in  Fig,  180. 
When  dry,  the  disc  thus  obtained  ia  sawed  to  a  diameter  of  l&J 
inches  and  glued  to  the  wooden  chuck  on  the  iron  face-plate  of  the 
lathe  with  small  sectors  of  thick  paper  between,  or  else  glued  to 
small  blocks  on  the  chuck,  from  which,  after  turning,  it  can  be  cut 
as  illustrated  in  Fig.  168.  The  rim  is  now  built  up  on  the  disc  out 
of  segments  §  inch  or  ^  inch  in  thickness,  as  directed  for  the  20- 
inch  pulley  (Fig.  173),  with  not  less  than  six  segments  to  each 
course.  The  hub  is  glnetl  up  as  described,  and,  after  gluing 
on  the  disc,  the  whole  is  tnmed  to  the  required  size  and  shape. 
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Fir.  ISO. 
In  the  case  of  this  disc-crank  pattern,  a  small  disc  of  paper 
(or  a  block,  if  blocks  are  used)  should  be  placed,  without  gluing, 
under  the  center  of  the  disc,  to  prevent  looseuess  and  vibration 
while  being  turned  in  the  lathe.  The  boss  a,  to  receive  the  wrist 
pin,  must  be  glued  up  in  the  same  way  as  the  hub  (see  Fig.  172), 
and  tume*l  on  the  lathe,  after  which  it  is  tilted  into  position  aa 
indicated  in  Figs.  178  aud  179.  The  counter- weight  5  is  next  shaped 
from  a  single  piece,  or  it  may  bo  glued  up  of  several  thicknesses  of 
1^-iuch  stock.  In  sawing  this  block  to  shape,  the  baud-saw  table 
should  be  tilted  so  as  to  give  it  a  draft  of  |  inch  to  12  inches.  Give 
the  inside  of  the  rim,  the  hub,  and  the  boss  a,  the  same  draft,  but  J 
the  outside  of  the  rim  should  not  have  a  draft  of  more  than  ^  inok  J 
to  12  inches. 
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When  turning  on  the  inside  of  the  rim,  o.  fillet  or  curve  must 
be  made  where  it  joins  the  disc,  of  §-inch  radius,  as  shown  at  e, 
Fig.  179.  The  same  curve  must  be  turned  at  the  base  of  the  hub. 
Around  the  counter- weight  block,  and  also  around  the  wrist  boss, 
a  §-inch  leather  fillet  can  be  used. 

For  convenience  in  moulding,  the  two  core  prints  x  and  y 
should  be  turned  with  a  tenon  f  inch  in  diameter  and  f  inch  long, 
to  fit  into  the  holes  in  the  face  of  the  disc,  so  that  they  can  be 
removed  when  the  pattern  is  laid  on  its  face  on  the  moulding  board. 
The  core  prints  v  and  z  are  turned  without  tenons,  being  glued  and 
nailed  in  position. 

FILLETS. 

The  fillets  spoken  of  in  connection  with  Fig.  179,  are  used  in 
all  except  the  most  simple  patterns.  They  consist  of  a  small  quar- 
ter curve  varying  in  size  from  ^  inch  radius  upward,  depending  on 
the  size  of  the  pattern  and  the  room  they  can  be  allowed 
to  occupy.  They  should  be  placed  in  all  comers,  wher- 
ever possible,  so  that  there  may  be  no  sudden  changes 
Fig.  181.  in  the  direction  of  the  surface  of  the  casting,  which  causes 
weakness,  the  fillets  adding  greatly  to  the  strength  of  the  casting. 
These  fillets  are  made  in  various  ways,  the  wooden  fillet,  cut 
as  in  Fig.  181,  being  commonly  used  for  all  long,  straight  angles, 
or  for  very  flat  curves  to  which  it  can  be  bent. 

For  irregular  angles  and  for  short  radius  curves,  beeswax  was 
formerly  used,  but  the  modem  leather  fillet  has  almost  entirely 
superseded  beeswax  and  other  material  for  this  purpose.  It  is 
easily  applied,  shaping  and  adapting  itself  to  any  and  all  positions 
and  angles.  It  can  be  bought  in  all  sizes  from  J  inch  up,  the  sizes 
running  by  sixteenths.  The  method  of  applying  it  is  to  cut  it  to 
the  necessary  length  and  lay  it  on  a  board  where  the  glue  can  be 
easily  brushed  over  it.  It  is  then  laid  in  the  angle  and  rubbed  into 
position  by  means  of  a  dowel  rod,  the  end  of  which  must  be  rounded 
off  as  shown  for  the  connecting  dowel  pins  of  a  parted  pattern,  Fig. 
152.  The  dowel  rod  must  be  of  such  size  as  to  impart  the  required 
urve  to  the  soft,  pliable  leather  fillet.  As  soon  as  the  fillet  is 
ubbed  into  position  all  surplus  glue  must  immediately  be  wiped 
off  before  it  sets.     This  is  easily  done  with  a  small  piece  of  waste 
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or  a  nig  dipped  in  the  hot  water  of  the  outer  glue-pot  and  wrung 
out  nourly  dry,  oire  being  taken  not  to  wet  any  part  of  the  pattern 
more  than  can  possibly  bt;  helpc>d,  after  which  it  must  at  once  be 
wiped  drj-. 

These  heather  fillets  will  bu  found  more  pliable  and  more 
easily  plac^  and  rubbed  into  position  if  the  glue  used  is  first 
allowed  to  cool  slightly.  Very  hot  glue  stiffens  and  crinkles  the 
leather,  Ciiusing  it  to  work  hard. 

FACE   PLATE. 

It  is  sometimes  advisable  to  use  cores  even  if  it  is  quite  possible 
to  construct  the  pattern  bo  that  it  would  core  its  own  holes.  This 
is  the  cflse  where  it  is  desired  that  the  faces  of  the  casting  and  the 
boll's  shall  be  smooth  and  as  true  as  ixwsible  without  expensive 
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machine  work.  The  finished  face-plate  of  an  engine  lathe  illus- 
trated in  Fig.  182  is  a  good  example  of  such  work. 

It  will  hi.:  readily  6een  that  the  pattern  for  this  casting  could 
be  put  in  the  sand  and  withdrawn  from  the  mould,  leavi-^  the  sand 
stuiding  where  the  holes  are  located. 

The-  trouble  that  arises  from  this  method  is  due  to  the  fact  that 
when  the  metid  is  txjurcd  and  allowed  to  flow  about  the  fragile  pro- 
jections that  are  left  to  form  the  holes,  the  sand  washes  away,  so 
that  the  hoh's  in  the  casting  are  irregular  and  much  smaller  than 
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those  in  the  pattern.  For  these  reasons  the  holes  should  be  cored, 
as  the  core  sand  is  firm  and  better  able  to  resist  the  washing  action 
of  the  flowing  metal. 

The  patterns  for  such  a  face  plate,  a  cross-section  of  which  is 
shown  in  Fig.  183,  should  be  made  as  follows:  The  allowance  for 
finish  on  the  face  of  the  casting  shonld  be  not  less  than  tV  inch, 
and  the  same  should  be  added  to  the  diameter  and  also  to  the  end 
of  the  hub.  Having  thus  determined  the  thickness  and  size  of  the 
pattern,  the  disc  should  be  built  up  of  from  four  to  sixteen  sectors, 
according  to  the  size  of  the  plate.  If  the  diameter  is  between  24 
and  42  inches,  sixteen  sectors  should  be  cut  out,  each  filling  an  arc 

of  45°,  so  that  when  eight  are  placed  edge  to  edge 
they  will  complete  the  circle.  The  thickness  should 
be  a  little  more  than  one-half  the  completed  thickness 
of  the  pattern  disc,  and  they  shotdd  be  laid  up  so  as 
to  form  two  layers,  breaking  joints  with  each  other 
as  shown  in  Fig.  180.  When  the  disc  is  formed,  the 
hub  shotdd  be  first  glued  in  position,  this  also  being 
built  up  of  pieces  glued  together,  and  the  whole 
attached  to  a  large  wooden  chuck  and  iron  face-plate 
of  the  pattern  lathe  in  the  same  manner  as  described 
for  the  disc-crank  (Fig.  178).  The  rim  is  next  built 
npon  the  disc  in  the  same  way  as  has  been  described 
for  former  patterns.  If  the  face  plate  is  very  large, 
the  segments  may  be  ^  inch  or  even  f  inch  in  thick- 
ness, and  to  avoid  end  wood,  eight,  twelve,  or  even  sixteen, 
segments  may  be  used  for  each  layer  according  to  the  diameter  of 
the  rim. 

The  pattern  now  consists  of  the  disc  with  the  rim  and  hub  in 
position,  but  larger  than  they  should  be.  It  is,  therefore,  placed 
in  the  lathe  and  carefully  turned  over  its  whole  surface,  each  part 
and  thickness  being  brought  to  the  shape  and  dimensions  of  the 
completed  pattern,  care  being  taken  to  turn  in  a  fillet  of  J  inch  to 
^  inch  radius,  depending  on  the  size  of  the  required  casting,  in  the 
angles  connecting  the  rim  and  the  hub  with  the  disc.  Next  put  in 
the  ribs;  it  is  not  necessary  to  form  these  out  of  built-up  material, 
for  each  may  be  cut  from  a  single  piece.  They  should  be  carefully 
itted  to  form  a  close  joint  with  the  rim,  the  disc,  and  the  hub, 
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before  they  are  glued  in  position.  When  this  ie  done,  all  anglui? 
fonned  by  the  rim,  ribs  and  hub  with  each  other  should  be  care- 
fully filleted. 

After  the  fillets  are  in  position,  it  remains  to  provide  for  the 
coring  of  the  holes.  This  is  done  by  first  laying  oot  upon  the  face 
of  the  pattern  the  location  and  siz4>  of  the  holes.  It  is  upon  the 
points  thus  located  that  the  core  prints  are  placed.  Befort;  this  is 
done  it  must  be  decided  which  side  of  the  casting  is  to  be  made 
upixTmost. 

Where  a  lai^e,  flat  surface  is  to  be  given  a  finish,  it  is  desirable 
that  the  metal  should  be  as  clean  and  free  from  sand  and  blowholes 
as  possible.  As  the  iron  has  a  greater  sjiectfic  gravity  than  the 
sand  of  the  mould,  all  particles  of  sund  that  may  be  washed  away 
and  all  gases  generated,  rise  to  the  surface  of  the  molten  metal. 
Those  imprisoned  by  the  cooling  of  the  iron  form  the  dirt  and 
blowholes  that  disfigure  the  completed  casting.  In  a  casting  such 
as  the  face-plate  under  consideration,  it  is  desirable,  then,  that  the 
face  should  be  upon  the  lower  side  when  the  metal  is  poured.  For 
the  sake  of  convenience  in  setting  the  con-a.  the  priuts  are  put 
upon  the  face  and  make  their  impress  in  the  sand  of  the  drag. 
They  should  be  glued  and  uaUed  in  position  after  the  pattern  itself 
has  been  8and-papere<i,  The  core  prints  for  the  hole  through  the 
center  are  also  put  on  in  the  same  way. 

PIPE  CONNECTIONS. 

Many  pattema  which  at  first  may  seem  to  bi-  (juil*-  formiduHki. 
will,  after  a  little  study,  resolve  them- 
selves into  a  few  very  simple  parts,  nearly 
all  the  work  for  which  may  be  done  in 
the  lathe.  Of  this  the  tee  pipe  connec- 
tion shown  in  Fig.  184,  is  a  good  illus- 
tration. 

A  sectional  view  of  the  casting, 
threaded  and  having  a  pipe  screwed  iutd 
the  right-hand  end,  is  shown  in  Fig.  185. 

The  completed  pattern  for  this  castio;; 
186,  with  its  core  priote  a.  a  and  a.aaiitxta 
in  Fig.  187.     The  entire  pattern  a 
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as  illustrated  in  Fig.  1S8.  Tho  pre|)aratioii  of  th«  wood  for  thia 
patttTQ  13  similar  to  that  dt^scribed  for  the  pattern  of  tho  brass 
bearing.  Fig.  LjO;  the  two  haivos  having  the  necessary  dowel  pins 
inserted,  and  glued  t<^ther  at  the  estreme  ends  only. 

When  there  is  not  time  for  the  glue  to  dry,  all  such  parted 
work  may  be  held  together  while  being  turneil,  by  having  staples 
driven  into  the  ends  iis  shown  in  Fig.  IHS.  Indeed,  for  all  large 
and  hea^7  work  this  method  is  to 
be  preferred;  two,  and  even  four, 
staples  being  used  in  each  end  as 
tht'  size  of  the  work  may  demand. 
When  the  turning  is  completed. 
it  is  only  necessarj-  to  cut  a  V- 
shajxHl  opening  into  the  two 
halves  of  e,  into  which  the  iwrt^^ 
is  fitted  and  gluexl.  When  the 
glue  has  set  and  is  sufficiently 
dry,  the  joint  may  be  further 
Btrvngthened  by  nailing,  or  by  inserting  and  ecrewing  a  thin  metal 
connecting  plate  flush  with  the  jMirting  side  of  each  half  of  tho 
pattern.  This,  however,  will  be  necessary  only  when  palti»ms  are 
lai^  and  heavy,  or  when  unusual  strength  is  required. 

Tho  core  box  for  thia  pattoi 
osnal  half  bo:^  and  is  made 
by  working  out  the  box  in 
one  piece,  long  enough  to 
make  the  two  parts  a  and  J. 
The  two  parts  are  miited  by 
cutting  a  V-shaped  opening 
in  the  part  a  and  fitting  b 
into  it  in  the  same  way  as 
described  for  the  pattern. 
The  whole  is  then  glued  and 
screwed  to  the  board  c,  and 
the  two  triangular  blocks  d  and  d  are  glued  in  the  angles  to  add 
strength  to  the  completed  box.  In  case  the  pattern  is  for  a  very 
small  pipe,  IJ  inches  or  under,  the  jMirt  h  may  be  abutted  against 
the  side  o£  a,  as  shown  by  the  dotted  line,  and  the  side  of  a 
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at  e  out  away  to  tlie  fmim? 
in  thi.'  foruKT  metliml. 

TliL-  iMittt'm  for  the  2-iiich  elbow,  Pig.  ItO,  is  another  illustra- 
tion of  liow  fiiich  work  may  be  siinplifitxl,  and  time  suvwl.  by 
doing  tlia  greater  jxirt  of 
the  work  in  the  lathe. 

As  these  elbows  are 
usually  cast  in  large  num- 
bers, the  pattern  should  be 
made  double  as  shown  in 
Fig.  191.  To  construct  the 
double   pattern,   a   ring  is 

first  tuniLHl  like  Fig.  11)2,  a  cross-section  of  which  is  a  semicircle 
as  shown  in  the  lower  right-hand  comer  of  the  drawing.   This  ring 


is  cnt  into  quarters,  Euid  the  four  pieces  e,  e,  e  and  e  make  t 
quarter  turns  for  the  two  halves  of  the  double  pattern. 

The  ends,  including  the  core  prints  and  connecting  tenons,  a 
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Fif 


turned  in  one  piece  as  shown  in  Fig.  193,  the  stock  for  which  is 
pre[mred,  with  the  inserted  dowel  pins  all  in  position  in  the  same 

manner  as  described  for  the  tee  pattern.  Fig.  IHH.    The  quarters,  e,  e. 
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e  and  €  are  clamped  bother  two  and  two,  and  the  ends  carefully 
bored  to  receive  the  tenona  which  are  then  glaed  in  position  and 
further  strengthened  by  a  wood  screw  as  shown  in  Fig.  191. 


Fig.  Ifll. 

In  Fig.  194,  the  core  box  for  this  double  pattern  is  shown,  and 
as  will  be  seen  the  most  difficult  part  of  the  work  oati  be  done  in 
the  lathe.  Fig,  195  shows  two 
pieces  jointed  and  clamped  to- 
gether which  must  be  screwed  to 
the  face-plate  of  the  lathe  and 
turned  out  to  make  the  two 
comers  c  and  c.  The  three 
straight  parts  d,  d  and  d  are 
worked  out  in  one  long  piece 
and  afterwards  cut  to  the  re- 
quired lengths,  after  which  the 
Fie-  1*^-  five  pieces  are  gluwl  and  screwed 

to  the  board  a.     The  ends  c,  c  are  nt'xt  put  on  and  the  required 
half  core  box  is  complete. 


Another  reason  why  the  pattern  for  pipe  elbows  should  be  made 
double  is  that  otherwise  the  core  prints  would  require  to  be  made  of 
great  length  in  order  to  balance,  sustain,  and  keep  the  heavy  core 
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in  position;  the  tendency  being  to  Bag  in  the  middle,  or  lioat  on 
the  moltf  n  iron,  and  thoB  make  the  upper  side  of  the  casting  too 
thin,  all  of  which  Ib  avoided  in  the  double  pattern. 


Fig.  104. 

A  pattern  for  the  return  bend.  Fig.  IWi,  can  be  built  up  and 
constmctfid  in  the  same  manner  as  described  for  the  elbow;  the 
semicircular  returns,  not  only  for  the  pattern,  but  also  for  tho  t-ore 
box,  being  turned  in  the  lathe,  together  with 
the  ends  and  core  prints  for  the  irattem. 
As  there  will  be  no  middle  support  for  the 
core  in  this  case,  the  core  prints  must  bo 
made,  as  shown  in  the  half  iiattem.  Fig,  197, 
of  sufficient  length  to  balance  the  heavy  semi-  Pig.  105. 

circular  core,  aud  also  to  keep  it  in  its  true  position  in  the  mould. 

The  small  wood  lathe  chuck,  a  vertical  section  of  which  is 
shown  in  Fig.  196,  will  serve  as  a  simple  illustration  of  the  long 


Fig.  196. 

core  print  and  balanced  core.  The  casting  must  be  connter  cored; 
that  is,  the  cored  opening  must  be  enlai^t^d  at  the  forward  end, 
adding  to  the  size  and  weight  of  that  end  of  the  core,  which,  as 
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will  be  Been,  has  no  support  except  that  afforded  by  the  extra  lei^h 
of  the  core  at  the  opposite  end.    The  pattern  for  this  chnck  is 
shown  in  Fig.  199,  and  the  core  print  must  have  a  length  at  least 
twice  as  great  as  the  depth 
of  the  hole  iu  the  chuck.    The 
core  box  is  shown  in  Fig.  200. 
When  pipes  or  cylinders 
are  of  moderate  size  with  deep 
flanges  for  bolting  tc^<^ther 
<Fig.  201),  the  flanges  for  the 
pattern  are  turned  out  of  a 
seixirato  disc    as    shown    in 
Fig.  202,  and  firmly  glned  and 
nailed  on  over  the  core  prints 
and  against  the  ends  of  the 
main    body  of  the    pattern; 
the  core  print  being  made  of 
Pig.  197.  suflScient    length   to    receive 

the  flange.  A  recess  is  sometimes  turned  in  the  inside  end 
of  the  core  print  to  receive  the  inner  e<lgo  of  the  flange  as 
shown  in  Fig.  203,  and  into  which  it  is  fitted,  thus  adding  greatly 
to  the  strength  of  the  joint. 


Pig.  198. 


Pig.  190. 


The  flanges  should  be  made  by  gluing  up  three  pieces  and 
crossing  the  grain  of  the  pieces  so  that  the  grain  of  each  will  run 
at  right  angles  to  that  of  the  other.  In  gluing  pitwes  together  for 
thin  discs,  three  pieces  should  always  be  used.  Two  thin  pieces 
glned  together  will  always  warp. 
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A  Btill  better  and  stronger  method  of  making  lai^  flanges  is 
to  cut  out  segments,  five  or  six  for  each  course,  and  fit  and  glne  up 
on  a  chuck  and  face-plate  in  the  same  way  as  describetl  for  the 
hand  wheel  rim  (Fig.  IBM);  two  or  three  courses  being  used  for  each 


=  Fig.  200. 

Fir.  -202. 

flange,  which  after  being  turne<l  to  the  reiiuircHl  sizu  and  form,  the 
ring  is  sawed  in  two  with  a  very  thin  saw.  and  each  halt  fitted  into 
place  on  the  iiattern.     The  mjiin  body  of  the  jjattern  is  glneil  up 


out  of  stripe  as  showu  iit  a.  Fig.  201,  and  for  turning,  the  two 

halves  are  held  tt^-ther  by  means  of  staples  as  shown  in  Fig,  IHH. 

A  short  temporary  block  is  then  fitted  and  glued  into  the 


Fig.  204. 

opening  in  each  end  to  receive  the  lathe  centers.  A  staple  plate, 
similar  to  that  illustrated  in  Fig.  205,  may  !»e  used  to  great  advan- 
tage for  all  work  of  this  kind,  making  as  it  does,  a  secure  couneo- 
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tion  and  doing  away  with  the  otherwisd  temporary  center  block. 

The  method  of  constractiug  the  core  box  for  thia  or  similar 
patterns,  ia  abown  at  h,  fig.  204. 

Tees,  elbows,  and  other  bends  and  connections,  when  1aige,are 
built  up  in  a  similar  way,  thus  making  a  l^hter,  and  also  more 
durable  pattern. 


Fig.  2C6. 


Pig.  206. 


For  large  cylinders,  a  much  lighter  and  simpler  method  of 
constructing  the  pattern  is  shown  in  Fig.  206.  For  each  half  of 
the  pattern  the  two  end  discs,  and  the  middle  aemicircolar  disc  are 
connected  tc^ther  by  a  strong  center  bar,  which  ia  fitted,  glued 


Fig.  206. 


Fig.  207. 
and  screwed  into  each,  serving  not  only  to  strengthen  the  pattern, 
but  also  to  hold  the  connecting  dowel  pins.     Wbon  the  two  halves 
of  the  pattern  are  clamped  together  (with  staples)  it  serves  also  as 
a  secure  means  of  centerii^  in  the  lathe. 

The  staves  forming  the  body  of  the  cylinder  are  fitted  and 
glued  to  each  other  and  screwed,  or  nailed  to  the  discs.    After  the 


J 
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cylinder  has  been  turned,  the  core  prints  and  flanges  are  built  up 
and  tamed  separately,  and  glued  and  screwed  to  the  ends  of  the 
cylinder  from  the  inside  o£  the  end  discs. 

Fig.  207  illustrates  still  an- 
other and  better  method  of  build- 
ing up  the  cylinder  and  core 
prints  in  one  piece  and  complet- 
ing the  whole  at  asiiigle  turning. 
The  core  prints,  as  shown,  are 
staved  up  first,  nnil  then  thestaves 
to  form  the  body  of  the  pattern 
are  fitted,  glued  and  screwed,  or 
nailed,  over  the  ends  of  those 
which  form  the  core  prints. 
yhould  the  body  of  the  cylinder 
be  long,  one,  two,  or  more  middle 
semicircular  discs  must  bo  used. 

A  similar  construction  for  the  core  box  is  shown  in  Fig.  208, 
and  is  to  be  preferred  to  all  others  because  if  laid  out  and  built  to 
the  exact  size,  the  labor  required  to  reduce  the  staves  to  a  perfect 
semicircle  of  the  required  radius  is  very  little. 
ENGINE  CYLINDER. 

The  slide-valve  engine  is  built  in  a  gn.-at  variety  of  forms. 
Fig.  209  represents  a  sectiouiil  \iew  of  the  cylinder  of  a  very  com- 


Fig.  209. 


Fig,  210. 

mon  type.  At  e  Fig.  210,  we  have  a  cross-section  throngh  the 
steam  chest  and  eshnust  port  at  A  B;  and  at  F,  a  cross  section  at 
V  D  through  the  steam  port. 
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When  the  cylinder  is  small  (ten  inches  or  nnder  in  diameter) 
the  pattern  is  usually  built  up  solid,  but  if  more  than  ten  or  twelve 
inches  in  diameter  it  should  be  buHt  of  staves,  as  shown  in  Fig.  211. 


Fig.  211. 

When  the  size  is  thirty  inches  or  over,  a  loam  mould  is  usually 

made  as  will  be  fully  described  in  the  section  on  Foundry  Work. 

The  size  limit,  however,  varies  greatly  in  different  foundries. 
The  construction  of  the  pattern  is 
illustrated  in  Fig.  211,  and  needs  no  de- 
scription here,  it  being  the  same  as  already 
given  for  Fig.  207.  The  flanges,  however, 
should  be  built  up  of  segments  of  two  or 
three  layers  each  as  shown  in  Fig.  212. 
After  gluing  up  to  the  necessary  thickness 
to  make  the  fiange,  it  is  sawed  in  two 

halves,  jointed  and  carefully  centered   on  a  wooden  chuck   and 

turned  to  the  dimensions  required. 

g 


Fig.  212. 


Fig.  213. 
The  centering  must  be  done  with  accuracy,  or  one  half  of  the 
flange  ring  will  be  lai^r  than  the  other.     The  steam  chest  is  next 


PATTERN  MAKING 


built  and  fitted  centrally  on  the  upper  hat£  of  the  cylinder  pattern 
as  in  Fig.  213.    The  projectionB  «,  a,  which  give  the  extra  width 

of  niftul  for  the  bolts  of  the  chest  cover  are  left  loose,  being  kept 
in  place  by  long  wires  or  dowel  pins  as  shown  at  c,  r,  so  that  they 


:  L 


p  g 

Fig.  2U, 

can  be  withdrawn  separately  from  the  mould  after  the  main  part  of 
the  pattern  has  bfen  taken  from  the  sand.  These  four  Btrijis  should 
be  recessed  into  the  comers  of  the  chest  oiio  quarter  inch,  as  shown 
by  the  dotted  lines,  to  prevent  them  from  being  rammed  out  of 
place  after  the  dowel  pine  are  taktn 
out.  The  boss  i  for  the  valve-rod  stuff- 
ing bos,  and  also  the  boss  k  around 
the  Bteam-pipe  opening,  must  be  loose 
so  as  to  be  taken  out  of  the  mould 
after  the  pattern  has  been  removed.  Fig.215. 

The  pieces  o,  o,  at  each  end  of  the  steam  chest,  which  form  a 
thickness  of  metal  over  the  steam  ports,  are  nest  fitted  in  place,  as 
also  the  exhaust  passage  n  which  must  be  parted  on  the  line  of 
parting  of  the  two  halves  of  the  cylinder  pattern, 

Tlie  main  core  box 
for  the  cylinder  is 
made  in  the  same  way 
as  has  been  already 
described  for  Fig.  208. 
The  steam-chest  core  Fig.  216. 

box  is  shown  in  Fig.  214,  in  which  P  is  a  side  view,  one  side  of  the 
box  being  removed  to  show  the  valve  seat  v,  and  the  core  prints  x, 
z,  and  I/,  which  form  recesses  in  the  core,  into  which  the  upper  ends 
of  the  two  steam  iiilet  cores,  and  the  central  exhaust  passage  core 
are  placed.  Q  is  an  end  view  of  the  box  with  one  end  removed, 
and  R  is  a  view  looking  into  the  bos  from  above. 

For  the  core  forming  the  exhaust  passage,  two  half  core  boxes, 
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one  right  and  one  left,  will  be  necessary.  One  half  of  this  box  is 
illostrated  at  S.  Fig.  215,  as  also  a  sectional  view  at  T.  The  dotted 
lines  show  the  manner  in  which  the  passage  is  widened  to  retain 
the  fnll  size  of  the  opening  thronghont. 

Only  one  core  bos  will  be  needed  for  the  two  steam  ports. 
Three  views  of  the  bos  are  given  in  Fig.  216.  At  G  one  side  is 
removed,  giving  a  side  view  of  the  constmction  of  the  box.  H 
shows  8  cross  section  through  6  with  the  end  m  removed,  and  F  is 
a  view  horn  above.  The  core  is  swept  off  on  the  npper  side  for  the 
length  of  c  c,  and  the  bar  e  e  as  well  as  the  end  u  must  be  movable 
BO  that  the  core  can  betaken  from  the  bos.  Both  ends  of  the  core 
change  from  cirenlar 
in  to  straight  parts  jnst 
at  the  entering  of  the 
cylinder,  and  at  the 
entering  of  the  steuni 
chest. 

The  entire  set  of 
patterns  are  simple 
and  easy  of  conslmc- 
tion.  if  carefnlly  made 
drawings  are  fnruish- 
ed  to  work  from:  the 
time  and  labor  re- 
quired, depending  entirely  upon  the  size  of  the  cylinder. 

In  some  slide-valve  cyllodeis,  the  steam  chest  is  cast  separate 
and  bolted  to  the  cylinder,  thns  affording  free  access  to  the  valre 
seat  V,  and  a  better  (^portmuty  (or  fininhmg  and  fitting.  In  thb 
case  the  main  cylinder  core  and  the  two  steam  iulet  i-ores  are  made 
together  in  the  aame  boc,  H  UlaBtjBtfd  in  Fig-  ^IT,  in  vhich  one 
sideoCtbeCQnt^q^^yilllllltllltlfgi^^aaebBlf  of  the  l«igth 

li  most  he  jost 
k  at  y/  and  at  F, 

il  by  tb*-  tJiiee 


Fig.  217. 
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These  blocks  are  fastened  by  dowels,  loosely,  to  the  main  part 
of  the  core  box.  and  after  the  core  has  been  rammed  up,  the  whole 
box  and  core  is  turned  over  on  its  face  and  the  main  part  of  the 
box  is  lifted  off,  after  which  the  two  loose  blocks  a  and  a  cjin  be 
drawn  away  endwise  and  the  block  b  can  also  be  lifted  ont  with 
ease. 

GLOBE  VALVE. 

The  globe  valve,  shown  in  section  in  Fig.  218,  is  a  good 
illustration  of  a  pattern  in  which,  while  the  outside  may  bo  very 
simple,  the  inside  is  intricate  and  retpiires  considerable  practice 


^ 


Fig.  218. 
and  skill  to  so  contruct  the  core  boxea  that  the  core  can  be  witb- 
druwii  from  them,  nud  at  the  same  time  give  unifomi  thickness  and 
strength  to  all  parts  of  the  shell  and  to  the  internal  partitions. 


Fig.  219. 
wn  a  sectional  view  of  the  body  of  the  valve. 
*0  an  illustration  of  thi?  completed    palliTU,    from 
Q  that  almost  the  entire  work,  with  the  exception 
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ig  the  dowel  pins,  and  forming  the  two  hesngonal 
in  the  lathe.  The  construction  is  shown  in  the 
ition  of  the  half-patU-rn,  Fig.  221.  The  wood  for 
must  bw  of  sufficient  lengt.h  to  allow  for  gining  at 
r  the  insertion  of  iron  staples.  In  turning,  the 
ist  be  tjiken  to  center  exactly  on  the  parting  liuf  of 


Pis-  220. 

Eirefully  shaped  template,  such  as  is  shown  at  it,  Fig,  221. 

nsed  in  turning.    This  template  may  be  ma<:le  of  a  thin 

woHjd,   but  for  all  purposes   for  which   templates   are 

.  in  pattern  niakiug,  and  their  use  is  necessarily  very  great, 

sheet  zinc  is  the  best  material.    It  is  soft,  and  easily  cut  and 

filed,   and    does   not   dull   the  cutting  tools   so   mnch    as   other 

metals 


Before  marking  out  the  template,  that  the  lines  may  be  more 
readily  seen,  it  should  be  cleaned  with  a  piece  of  emery  clotli  and 
have  a  dark  coating  of  the  following  solution.  Dissolve  an  ounce 
of  sulphate  of  copper  in  about  four  omices  of  water  and  to  this  add 
one  teaspoonful  of  nitric  acid.    Treat  the  surface  of  the  zinc  with 
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this  Bolntion,  rubbing  on  with  a  piece  of  waste.  A  thin  coating  of 
copjwr  will  thoB  be  given  to  the  zinc  (also  to  steel  or  iron). 
When  applied  to  finished  8urfact;s  they  should  be  mbbed  dry,  as 
iron  or  steel  will  be  msted. 

When  the  curves  of  the  template  will  allow  of  sawing,  the 
zinc  template  is  easily  shaiKsi  by  plating  a  piece  of  zinc  of  the 
necessary  size  between  two  boards,  and  nailing  them  together.  The 
required  shape  having  been  drawn  on  the  upper  board,  the  whole 
may  be  sawed  to  the  form  required  on  the  band  saw  or  scroll  saw, 
but  preferably  on  the  latter,  with  a  fine  tooth  narrow  saw  blade 
which  will  give  a  smoother  edge  to  the  zinc.  If  the  boards  are 
firm,  the  metal  will  offer  no  resistance  whatever  to  the  saw,  nor 
will  the  saw  be  jjerceptibly  dulled.  For  small  curves,  lay  the  zinc 
on  a  piece  of  hard  board,  and  with  a  pair  of  sharp  pointed  dividers 
the  zinc  can  be  scratched  half  way 
through  its  thickness,  then  by  turning 
it  over  and  placing  the  dividers  in  the 
same  center,  the  other  side  may  be  cut 
in  the  same  way.  or  so  nearly  through 
that  it  will  break  off.  This  affonla  a 
truer  and  more  uniform  curve  than  can 
be  obtuined  in  any  other  way.  The  legs 
of  the  dividers  must  be  stiff  and  firm 
so  as  to  be  entirely  free  from  vibration. 
After  cutting,  the  sharp  edges  of  the 
zinc  may  be  dn'ssed  with  a  fine  double- 
cnt  file,  or  better  with  fine  emery  cloth 
or  sand  paper  rolled  over  a  wooden  holder. 

The  lathe  should  always  be  stopped  Fig.  222. 

when  testing  the  work  with  the  template,  and  great  care  must 
be  taken  to  make  the  two  ends  of  the  pattern  sj-mmetrical. 

When  the  turning  is  nearly  completed  the  template  itself  may 
be  tested  by  reversing  the  ends.  If  not  true  it  should  bo  filed  to 
the  proper  shape  as  shown  by  the  drawing. 

The  branch  e  must  be  turned  in  the  same  way  as  described  for 
the  main  part  of  the  pattern  which  is  imred  off,  or  planet!  off  in  a 
large  pattern,  to  the  esact  size  of  the  base  of  the  branch,  and  when 
the  pattern  is  lai^e  and  heavy,  one  or  two  wood  screws  should  bo 
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c5oi  i::  :he  briLoa  of  the  branch  ;o  assist  in  Lt^pLn^  h  En  piace. 
In  all  5TiialI  an-i  modirratt--sizc»l  ^ves.  thf  •^A-.g--s  ar^  hvi- 
aaoasL  iz,  shaK-  as  shown  in  FLjs.  21?  ami  23>,  Th^  oort  for  a 
gl'iSr  ~jlv.ir  Ls  ^laii-e  in  two  parts,  anri  the  core  box  for  each  part 
mnst  bt  ira-i-^  is.  -pprr  ami  lowcr  half,  maeirt^  foir  t  arts  ;o  :h-r 


PMV  E*:s     This  is  iL-ri?»rSi!.ire  i^ 
th-r  ccrv  t^d  zh~  bi:irs.     Th-. 


z/i  :!-.:  ar«r  ,.-aTvr:_7  *r 
■:f  :hv  Til-.-v  shrTT,  :r 
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readily  seen,  allows  the  core  to  be  easily  removed  when  the  box 
is  opened.  The  lower  part  d,  Fig.  224.  of  the  core  is  made^in  the 
box  shown  in  Fig.  223.  The  part  c  has  a  square  tenon  which  fits 
into  the  mortise  in  the  part  d.  This  mortise  is  made  in  the  core  by 
means  of  the  print  marked  Y  in  Fig.  223,  and  as  will  be  seen  by 
Fig.  224,  this  core  tenon  and  mortise  will  bring  the  two  parts  of  the 
core  into  perfect  alignment  when  they  are  pasted  tf^ether. 

In  Fig.  225,  we  have  an  outside  view  of  the  completed  core  and 
in  Fig.  226  a  sectional  view  through  the  middle  of  the  core, 
lengthwise;  from  which  the  necessity  for  the  tenon  and  mortise 


FiK.  228. 


connection  will  be  readily  understood,  this  being  the  only  connection 
between  the  two  parts  of  the  core.  In  working  out  the  core  boxes 
it  is  well  to  use  templates  which  can  be  formed  and  made  from  the 
drawings  furnished.  The  templates  will  aid  in  getting  the  proper 
shapes,  and  leaving  a  uniform  amount  of  metal  in  all  parts  of 
the  case. 

Figs.  222  and  223  illustrate  the  common  wooden  core  box,  but 
to  insure  uniformity,  and  because  of  the  necessary  wear  and 
fragile  character  of  wood  for  boxes  of  this  kind,  these  core  boxes 
should  be  made  of  metal.  The  wooden  pattern  for  the  metal  core- 
bos  must  then  have  an  allowance  for  doable  shrinkage,  and  to 
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^%.  229  ill»strat€s  the  pattern  for  the  stuffing  box  and  bonnet 
lie  valve,  with  core  print  tamed  on  each  end,  which,  like  the  a 
jAttem  of  the  "ntlve  must  be  pnrted,  or  made  in  two  halves.    Two 
core  boxes  are  neceesary  to  make  the  core  for  this  pan  of  the  valve. 
From  Pig.  230  it  will  be  seen  that  the  core  box  for  the  lower 
end  of  the  core  can  be  tiimi'd  out  on  the  lathe  by 
using  a  tt^niplate  of  the  fiHjiiin^l  shajie.     For  the 
npper  part  or  sleui,  the  half  bos  shown  in  Fig.  231, 
is  nil  that  is  necessarj-.  By  examining  the  two  core 
boxes.  Figs.  230  and  231.  it  will  bo  sivn  that  here 
again  we  have  r^'course  to  the  tenon  and  socket 
form  of  constmctiou  tor  uniting  the  two  parts  of 
the  core  which  are  shown  pasteil  together  in  the 
completed  core.  Fig.  232.     The  nut  for  the  bonnet 
is  shown  in  Fig.  233,  ami  the  [Kitteni,  which  is 
Fig.  232.  hexagonal,  should  be  so  made  as  to  fonn  its  own 

core,  as  indicated  by  the  dotted  lines  in  the  drawing.  Fig.  234 
shows  the  pattern  for  the  valve  and  also  the  [Kitlcni  for  the  valve 
nnt,  each  of  which  will  fonn  its  own  core,  and  Fig.  "i-'l.'t  is  an  illus- 
tration of  the  pattern  for  the  valve  spindle. 
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GEAR  WHEEL  PATTERNS. 

In  this  special  class  of  pattern  work,  the  greatest  accuracy 
and  care  must  be  taken,  not  only  in  building  up  the  rim  of  the 
wheel,  but  in  fitting  and  placing  on  the  rim  the  blocks,  out  of 
which  the  teeth  are  to  be  formed,  and  most  of  all  in  laying  out 


Nut  for  valve 

Valve 

Pig.  234. 

Fig.  233. 

the  teeth  regularly  and,  accurately  on  the  tooth  blocks.  A  pattern 
for  a  gear  wheel,  whose  teeth  are  carelessly  made  is  almost  worthless, 
the  time  lost  in  chipping  and  filing,  for  the  purpose  of  correction, 
being  too  great  to  allow  the  use  of  such  a  pattern. 


o 


VaUve  Spindle 
Fig.  235. 


To  insure  greater  accuracy  and  smoother  running  gears,  it 
is  now  the  custom  in  many  shops  to  have  the  wooden  pattern 
niado  in  the  form  of  a  blank,  (without  teeth)  from  which  a  metal 
ixittem  is  ciist. 

This  cast  pattern  is  turned  up  and  placed  in  the  milling 
machine  where  the  teeth  are  cut  and  spaced  with  accuracy  and 
to  the  exact  form  of  tooth  required.  This  metal  pattern  is  used 
without  draft. 
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This  method  of  making  gear  patterns,  however,  is  expensive, 
and  is  nsed  only  when  many  wheels  are  to  be  cast  of  the  same 
size  and  number  of  teeth  from  the  same  pattern,  and,  as  in  the 
case  of  pnlleys,  the  wooden  pattern  is  still  nsed  for  all  special 
sizes  of  gears. 

For  these  wooden  patterns  we  shaU  now  give  a  few  hints  as 
to  the  best  methods  of  constmction.  As  the  form  of  the  tooth 
nsed  by  the  draftsman  will  play  no  part  in  the  constmction  oi 
the  pattern,  we  think  it  wonld  be  out  of  place  here  to  enter  into 
a  discussion  of  the  relative  merits  of  the  single  curve,  double  curve, 
or  other  form  of  tooth. 

The  single  cur\'e  or  involute  tooth,  however,  has  the  great 
advantage  of  being  the  only  form  of  gear  which  can  be  run  at 


Fig.  236. 

varying  distances  of  axes,  and  transmit  an  unvurying  velocity  and 
amount  of  powt-r.  The  common  contention  that  two  gv^ars  will 
crowd  hanif  r  on  their  bearings  when  the  single  curve,  or  involute 
form  is  us^L  has  not  b^vn  proven  in  actual  practice.  The  practical 
methods  for  obtaining  the  curves  for  either  the  involute  or  for  the 
epicyclouial  tooth,  the  two  forms  in  ma>t  comnioa  use.  are  taken 
up  in  Mechanical  Drawing. 

In  the  illustrations  here  given  the  single  curve  fomi  of  tooch 
is  it?ei 

In  the  coostmction  of  g^-ar- wheel  jxittems,  the  niethvxis 
employed  in  making  and  fastening  the  tooth,  or  the  bkx'ks  out  ot 
which  the  te^th  are  to  be  formed,  to  the  rim  of  the  wh-.vl.  var:e:> 
greatly.  It  was  formerly  the  custom  to  dovetail  the  tooth  iuto  :h-j 
rim  of  the  wheel  as  shown  in  Fig.  £$&  Tkis  wss  the  csise  et>peoidLlIy 
when  the  teelli  wme  large*  as  in  2  pitrli  or 
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This  is,  however,  an  nnneceBBaTy  expense  aud  a  waste  of 
time,  and  in  addition,  the  cutting  of  the  dovetails  and  the  driv- 
ing home  of  the  dovptaik'd  tooth,  often  have  the  effect  of  dis- 
torting the  rim  to  some  extent.  A  better,  or  at  least  a  more 
economiwil  method  is  to  fit  the  tooth  blof'ks  as  shown  in  Fig.  237,, 
which  for  strength  and  durability  is  found  to  be  in  no  way 
inferior  to  dovetailing,  and  the  saving  of  labor  and  time  is  very 
great. 

In  this  method  we  have  always  the  advantage  of  a  smooth, 
clean  fillet  at  the  root  of  each  tooth,  and  having  the  grain  of  the 
wood,  not  only  for  the  fillets,  but  also  on  the  whole  depth  circle, 
run  in  the  same  direction  as  the  grain  of  the  wood  which  forms  the 
tooth.  This  means  a  smoother  pattern,  more  easily  moulded,  and 
a  better  casting. 


Pig.  237. 


In  the  former  method,  Fig.  236,  it  is  almost  impossible  to  form 
a  fillet  on  eiich  side  of  the  tooth,  as  it  mus  off  to  a  thin  feather 
edge  which  continually  splinters  and  chii)S  off;  still  further,  the 
bottom  of  the  tooth  space,  that  is,  the  whole  depth  circle  is  the 
rim  of  the  wheel,  composed  of  layers  of  segments  with  changing 
groin  which  will  not  mould  so  smoothly  as  in  the  S(wond  method. 

The  blocks  for  the  teeth  should  always  be  cut  in  Btrii)s  two  or 
three  feet  in  length,  in  order  to  thoroughly  season  the  wood,  at 
least  so  far  as  it  is  possible  to  do  so,  while  other  parts  of  the  wheel 
arc  being  constructed. 
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Only  stmight-graiiifd  wood  should  be  used  for  teeth.  The 
Eu^ginoiits  for  building  up  the  rim  should  be  cut  out  next,  then  the 
nrniB  put  togi'tlicr  mid  sbape^l  na  required.  It  is  a  good  plan  to 
fitatt'n  tho  anus  wutnil  to  the  face  phite  of  the  lathe,  and  to  turn 
out  ft  recess,  say  iV  inch  or  A  inch  deep  to  receive  the  hubs  as 
nhovm  in  Fig.  2;t8.  Tliis  makes  a  stronger  connection  and  does 
nway  with  the  trouble  of  fitting  and  coiiiuH"ting  the  hub.  with  the 
thin  f«>nlher  wlge  of  the  hub  fillet,  to  the  snrface  of  the  web  of  the 


«n»^  The  iwuJi'  nioihtvl  is  of  jn^Vii  .vlx^image  wbea  fiitiugthe 
hnl<s  of  p«V«\\-*  ainl  iMhor  whtvls-  The  xnus  mu$t  Iv  put  K^Hher, 
wiih  iiiA-Ti<\l  h^n^mfs  in  the  ji.^ints,  as  iUortnttvd  and  deacnlnd  m 
Rj:,  Iti':  A,-»it  if  liny  wv  fc.^  U-  «\\rli*i  u^ *a  «ll>(<x«U  « 
nt$x>r  to  t}o  tKb  hffon  fixing  ti 
the  <OR$tr»i^kn  of  Urn  I 
bnW  ahJ  vnts.  wttk  ll 
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rocoivo  th<>s{>  cmls  aro  now  cut  into  this  half  rim,  and  the  arms  fitted 
and  glne<]  in  place  but  not  bo  tightly  as  to  strain  the  rim  and 
canBO  it  to  spring  after  it  is  reniovfd  from  tho  chuck.  The 
remaining  coorses  for  the  rira  are  now  fitted  and  glued  on,  and  the 
rim  turned  and  finished  to  the  required  size  and  shape. 

The  face  should  be  glue-sized  to  prepare  it  for  the  blocks  which 
EU«  to  form  the  teeth  of  the  gear. 

After  sizing  and  removing  the  raised  grain  of  the  wood,  the 
periphery  of  the  wheel  must  be  spaced  for  the  required  number 


Pig.  2il. 


Fig.  24a 


the 
^^^  tb* 
^^H  sh( 
^^H   wh 

^H    Fi, 


of  toeth.  With  a  try  square  and  very  sharp  awl  draw  lines  through 
the  points  obtained  by  tho  spacing  as  shown  in  Fig.  240.  Should 
tbfl  tcutb  be  of  moderate  size,  say  3  pitch  or  less,  the  tooth  blocks 
should  be  glued  on  so  as  to  meet  each  other  on  the  rim  of  the 
wheel  as  shown  in  Fig.  241. 

Each  block  must  be  so  fitted  as  to  reach  only  from  line  to  line, 
Fig.  210,  care  being  taken  to  have  each  block  parallel  to,  and 
coincide  with  its  own  line,  reaching  exactly  to  the  lifie.  When 
the  blocks  are  placed  and  glaed,  the  wheel  is  retnmed  to  the 
^'•*\e  and  the  periphery  turned  off  straight  and  to  the  required 
Deter  for  the  addendum,  or  extreme  ends  of  the  toeth.    The 

/of  the  blocks  are  also  tamed  even  with  the  edge  of  the  wheel  rim, 
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and  before  removing  from  the  latho,  a  circular  liiie  most  be  drawn 

on  the  ends  of  the  blocks,  oa  both  sidf^s  of  the  rim.  indicating  the 

whole  depth  of  the  teeth.     The  use  of  this  lino  will  be  explained 

later;    it  is  the  only  circtdiir  line  needed    for  laying  out,  or  for 

working  out   the  teeth.     When  the  teeth  are  large,  a  tooth  block 

.  is  first  fitted  on  and  screwed  from  the  iikside  of  the  rim  as  shown 

'  in  Fig.  237,  one  edge  of  ibe  block  touching,  but  not  covering  its 

line  OQ  the  face  of  the  rim.     The  thin  strip  is  nest  fitted,  glued 

and  braded  against  the  block  with  the  opposite  edge  of  the  strip 

reaching  just  to,  but  not  covering  the  nest  line.     A  second  tooth 

block  is   fitted  and  screwed  in  place,  then  a  second  strip,  and  thiB 

.  itlteniate  placing  of  blocks  and  strips  continuetl  until  the  surface 

of  the  rim  is  covered,  hating  a  block  and  strip  for  each  tooth 

L  required. 

Care  must  be  taken  not  to  allow  any  glae  to  get  between  the 

Mocks  and  the  strips  when  gining  and  nailing  the  stripe  on,  aa 

I  each  block  must  be  taken  off,  one  at  a  time,  after  being  laid  out,  to 

I  work  the  tooth  to  shape.     When  all  the  blocks  and  strips  are  in 

I  place,  the  wheel  must  be  returned  to  the  lathe  and   the  face  of  ■ 

[  the  blocks  turned  to  the  diameter  required  for  the  addendum  or 

onter  ends  of  the  teeth,  and  the  ends  of  the  blocks  also  turned 

even  with  the  rim. 

The  whole  depth  circles  are  marked,  one  on  each  side,  while 
revolving  in  the  lathe,  as  esplained  for  a  wheel  with  smaller  teeth. 
All  parts  of  the  rim  should  now  be  made  perfectly  STUooth  with 
fine  sand  paper  using  a  holder  or  block,  to  prevent  rounding  the 
comers  or  angles  of  the  tooth  blocks. 

Beginning  at  the  middle  of  a  block,  s)jace  the  requin-d  number 
of  teeth  on  the  jx^riphery  of  the  tooth  blocks,  and  should  the  first 
trial  not  result  in  even  spaces,  the  trijilsi»acingmustbecontinued 
until  the  greatest  accuracy  has  been  obtained,  that  is,  until  all 
distances  from  point  to  point  are  esactly  eqnal.  Through  each 
spacing  point,  found  as  above,  very  sharp  but  light  lines  are  drawn 
across  the  face  of  the  blocks,  as  was  shown  for  the  wheel  rim  in 
Fig.  240.  When  drawing  these  lint^  it  will  be  found  best  to  draw 
along  the  inside  edge  of  the  try  stiuare  blade  instead  of  the  outside 
as  is  usual.  The  reason  for  this  is  that  on  small  or  metlium  sized 
wheels,  a  much  firmer  bate  will  be  given  for  holding  the  s<iuare. 
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and  more  accurate  lines  will  be  the  result,  A  coat  o£  shellac 
brushed  over  the  ends  and  faces  of  the  blocks,  if  sand-papered  smooth 
after  being  allowed  to  dry,  will  greatly  assist  in  laying  out  the 
tetith,  hardening  the  surface,  and  enabling  sharper  lines  to  be 
drawn.  A  tuinplate  must  nest  b.?  made  of  the  exact  form  of  the 
tooth  reijuired.  This  will  always  he,  given  full  size  in  the  detail 
drawings  furnished  to  the  pattern  maker. 

Should  the  wheel  be  of  email  diameter  the  template  may  be 
laid  ont  and  cut  on  the  end  of  a  long  strip  of  zinc,  but  it  is  better 
to  fcisten  the  template  to  the  end  of  a  wooden  bar,  as  shown  in 
Fig.  242  a  narrow  slot  having  been  cut  through  the  back  end 
of  the  zinc  to  allow  of  exact  adjustment  to  the  diameter  of  the 
wheel. 

This  wooden  bar  is  himg  centrally  on  a  pi-g  or  dowel  which 
muBtbu  pi acetl exactly  in  the  center  of  the  hub,     For  this  purpose 


F\g.  212. 

it  is  customary  to  use  a  block  of  wood  aa  a  temporary  hub,  the 
center  of  which  may  be  easily  found  from  the  periphery  of  the 
blocks  by  the  dividers.  A  very  slight,  sharp  notch  is  made  in  the 
exact  center  of  the  end  of  the  tooth  template,  which  must  be  radial 
to  the  hole  in  the  opposite  end  of  tlie  bar  on  which  the  template 
revolves.     This  notch  is  shown  in  Fig.  242. 

To  use  the  template,  place  it  over  the  ct'uter  pin  and  bring  the 
notch  exactly  in  line  with  one  of  the  spacing  lines  on  the  outside 
of  a  block  and  with  a  very  sharp  jxiinted  awl  mark  the  tooth  on  the 
end  of  the  block.  Then  swing  the  template  to  the  next  line  and 
mark  as  before,  continuing  the  process  until  a  tooth  has  been  laid 
out  on  the  end  of  each  block.  The  wheel  is  now  turned  over  and 
the  same  process  rep«uited  on  the  other  side.  It  will  be  readily 
seen  that  if  the  spacing  lines  have  been  squared  across  the  face 
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of  the  wheel  with  accuracy,  the  teeth  laid  out  on  tho  two  sides 
will  be  true  and  perpendicular  to  each  other,  a  siwcing  line 
forming  the  exact  center  of  each  tooth,  and  for  tliia  reason  these 
liuea  should  alwayg  bi-  very  light  but  sharp  and  clearly  defined. 

For  convenience  in  cutting  and  paring,  a  second  series  of 
lines  should  now  be  drawn  across  the  face  of  each  block  connecting 
the  extreme  ends  of  tht'  lines  which  describe  the  shape  of  the  tooth 
on  each  end  of  the  block.  Should  the  wheel  be  email  and 
within  the  cjipacity  of  the  band  saw,  all  sujierfluouB  wood  may 
easily  be  removed  from  between  the  teeth. 

If  the  bimd  saw  is  sharp 
and  i\enly  set,  and  the  operator 
■ikillful,  the  tt'cth  may  be  sawed 
10  as  to  need  but  very  slight 
correction  with  the  paring  chisel 


As  the  hubs  usually  project 
hejond  the  rim  on  each  side  of  the 
whitl,  they  should  be  left  loose 
and  removed  before  jjlacing  the 
whtel  ou  the  saw  table, 
er  teeth,  e^ich  tooth  block  should  be 


Fig  24J 


For  large  wheels  and  hei 
unscrewed  and  removed,  one  at  a  time,  and  planed  to  the  lines 
marked  on  its  emls  and  face,  after  which  it  is  returned  to  its  place 
before  a  second  one  is  taken  off.  This  is  continued  until  all  the 
teeth  are  shaped,  when  it  will  be  necessary  only  to  construct  fillets 
at  the  base  of  the  teeth,  and  also  to  work  each  sijace  down  to  the 
whole  depth  circle,  the  circle  having  been  drawn  for  this  purpose, 
and  also  as  a  guide,  for  bringing  all  tooth  spaces  to  the  same 
depth. 

Small  gears,  or  pinions  as  they  are  called,  are  usually  made 
with  a  solid  web  instead  of  arms,  and  are  glued  n\t  in  solid  blocks 
of  end  wood,  the  grain  of  the  entire  block  running  ijarnlli'l  with  the 
face  of  the  teeth.  Such  an  end  wood  pinion  is  shown  in  Fig.  243. 
It  is  turned  and  the  gear  laid  out  and  cut  in  the  same  way  as 
described  for  the  larger  wheels,  exceirt  that  the  teeth  are  not  glued 
on  but  cut  out  in  the  solid  disc.  In  the  constniction  shown  in 
Fig,  241,  the  teeth,  not  being  screwed  on,  must  be  nailed  with  brads, 
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afier  being  shaped  and  finished,  from  thi:  FacL<  of  uach  tooth  Iota 
the  rim. 

Patterns  for  Bevel  Gears  are  built  up  as  illustrated  at  a, 
Fig.  244,  the  wooden  face-plate,  or  chuck,  bt'ing  provided  with  tea 
or  more  radial  blocks  as  shown  and  described  in  Fig.  168,  The 
advantage  of  the  blocks  is  that  they  keep  the  first  layer  of  segments 
ont  from  the  face-plate  and  give  easier  access  to  the  back  edgo  or 
angle  of  the  rim  while  being  turned. 

The  segments  ari!  usually  made  to  overlap  aa  shown,  which  is 
not  only  a  saving  of  wood  but  alao  saves  the  time  which  would  be 
requirifd  to  turn  the  angu- 
lar rim  from  a  stiuarw  con- 
struction. When  a  suffi- 
cient number  of  courses 
have  been  built  up,  the  face 
and  two  edges  are  tiinied 
to  the  required  angles,  as 
indicjited  by  the  dotted 
lines  in  a.  Fig.  244.  Tlie 
rib  e  which  will  finally  be  a 
continuation  of  the  arms, 
is  also  tiimcd  to  shape  and 
to  the  thickness  of  the  ends 
of  the  arms.  The  rim  will 
then  present  the  appear- 
ance shown  at  fi,  Fig.  244, 
except  the  arms  which  are 
here  shown  iu  place. 

The  rim  is  next  cut  from  the  blocks,  and 
turned  in  the  face  of  the  chuck  which  will  fit  and  center  the 
finished  etige  of  the  rim  on  the  faceplate.  In  this  position  the 
inside  of  the  rim  is  turned  aud  finished  as  shown  in  Fig.  245. 
The  rim  is  retjiined  on  the  chnck  by  four  or  sii  cleats,  rf, 
Fig.  245,  the  cleats  fitting  over  the  rib  c,  Fig.  244,  and  preventing 
the  rim  from  movijig  and  changing  its  position  on  the  chuck. 

It  is  not  necessary  here  to  describe  the  method  used  in  finding 
the  reqnJR'd  angles  for  the  face  and  e<lges  of  the  rim,  but  as  in 
the  case  of  spur-gear  teeth,  the  student  should  refer  to  Mechanical 
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Dnviu^.  ThL-  HTjuB,  partly  shown  in  Fig.  346,  in  place  in  Fig. 
3A4,  ue  next  fitted  and  fastened  to  the  rim.  It  is  well  to  glue  a 
■■mU  diso  on  each  side  of  the  web  of  the  anus  as  shown  in  Fig. 
3H^  whidi  not  only  BtreDgthens  the  arms,  but  serves  as  a  fillet 
Mound  tbe  hub  of  the  wheel. 

The  blocks  for  the  teeth  are  next  fitted  in  place,  either  as 
Ulnstruted  iu  Fig,  247,  or  in  the  form  of  alteruate  blocks  and 
•tri|i8  aa  was  shown  for  the  spar  gear,  Fig.  2^17.  After  all  the 
blo^'ks  aiv  in  place,  the  wheel  must  be  put  ia  the  lathe  aud 
tnnitxl  to  the  sizes  and  angles  required  for  laying  out  the  teeth. 
A  sharp  lino  must  be  drawn  ou  the  face  of  the  blocks,  while 
in  the  lathe,  to  seire  as  a  guide  for  the  dividers  while  spacing  the 
hfeth. 


Fig.  248. 

To  obtain  the  center  lines  for  the  tooth  faces  after  spacing  on 
thn  blocks,  it  will  be  readily  seen  that  the  ordinary  try  sijuare 
cannot  be  used  as  in  the  case  of  the  spur  gears.  A  temporary 
Biiuare  must  be  made  for  this  purpose  as  follows: 

Take  a  piece  of  hard  wood,  about  6  inches  long  and  3J  inches 
wide  and  ^  inch  in  thickness.  Dress  the  two  edges  perfectly 
parallel  and  from  the  upper  edge  a,  Fig.  248,  with  a  try  stiuare  and 
a  sharp  pointed  knife,  draw  the  line  c,  etjually  distant  from  each 
end  of  A,  and  -at  right  angles  to  the  edge  a.  Lay  the  edge  b 
of  A,  against  another  board  B,  of  the  same  thickness,  and  continue 
the  line  c  on  this  board  as  shown  by  the  dotted  line.  With  the 
dividers  set  to  a  radius  eijual  to  the  longest  radius  of  the  outside 
ends  of  the  tooth  blocks,  from  the  extendwl  line  o  on  the  board  B, 
describe  the  arc,  x   y  on  A.    Cut  the  edge  b,  to  this  arc  and  see 
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that  it  fits  perfectly  the  outer  rim  of  the  tooth  block.  Next  make 
a  thin  blade  of  hard  wood  and  screw  to  the  head  A,  osing  the 
greatest  care  to  have  oue  e<lge  of  the  blade  coincide  exactly  with 
the  Hue  c.  After  screwing  the  blade  to  the  head,  its  accuracy  may 
be  tested  by  placing  a  try  square  against  the  edge  a.  The  result 
will  be  as  shown  in  Fig.  249,  in  which  the  edge  e  is  radial  to  thw 
arc  X  !/.  This  edge  will  describe  the  center  lines  of  the  teeth 
radially  as  required. 


Pig.  347. 

ma  temporary  square  can  be  used  up  to  a  certain  limit,  on 
f  larger  diameter  than  that  to  which  it  has  been  fitted,  but 
I  VBed  for  smaller  wheels.  For  larger  gears  the  position 
"*■ ~  Pig.  2-50,  which  will  give  the  correct  per- 
il X  and  y  are  carefully  made.  By  using 
ires  will  be  needed  for  a  great  num  ber 
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of  wheels.  In  Fig.  247  the  hub  H  and  the  ribs  of  the  arms  R  R, 
are  often  made  loose  so  as  to  lift  with  the  cope,  which  is  of  great 
advantage  in  moulding.  When  the  teeth  are  large,  they  must  be 
screwed  on  from  the  inside  of  the  rim.  If  small,  th(»y  should  lx» 
braded  from  the  outside,  or  face  of  the  tooth,  into  the  rim  afte^r 


Fig.  249. 
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the  teeth  have  been  shaped  and  finished.     Two  templates  will  be* 
necessary  for  laying  out  the  ends  of  the  teeth,  the  outer  ends 
being  larger  than  the  inner.     Those  templates  are   made  as  d(^- 
scribed  for  spur  gears,  and  have  the  outer  end  bent  to  fit  ov(»r  the 
angles  of  the  rim. 

COLUMN  PATTERNi 

Cast-iron  columns  are  often  ornamentect  or  fluted  as  shown  in 
the  half  section  of  a  fluted  column  in  Fig.  251.  In  all  such 
cases  the  body  of  the  pattern  is  made  octagonal  as  shown  by  the 
A  E  ^      li"®  ABODE.     The  loose  pieces  form- 

ing the  flutes  are  held  to  the  main  body 
by  pins  that  stand  at  right  angles  to 
the  line  A  E.  After  the  sand  has  been 
rammed,  the  body  included  in  the  lines 
ABODE  is  lifted  out  leaving  the  parts 
A  a  £  B,  B  5  ^  0,  etc.,  imbedded  in  the  sand.  Then  one  after 
another  these  are  lifted  out. 

These  fluted  sections  should  never  be  so  few  in  number  that 
they  cannot  be  lifted  out  without  tearing  the  sand.  Eight  or 
twelve  sections  will  be  needed. 

Other  forms  of  ornamentation  are  put  upon  columns  in  a 
similar  manner.     Leaves  or  flowers  are  held  by  pins  or  in  grooves 
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in  such  a  way  that  the  main  body  of  the  pattern  can  be  lifted  out 
without  disturbing  them,  and  they  are  then  withdrawn  from  the 
sand  through  the  cavity  left  by  the  main  pattern. 

Cores  for  Columns.  (br(»s  for  columns  may  1x3  made  in  core 
boxes  as  in  the  case  of  those  for  pipe,  but  where  the  core  is 
long  and  straight  no  core  box  is  nei^tled.  The  core  is  usually 
built  of  loam  about  an  iron  pipe  as  explained  in  Foundry  Work. 
Where  the  core  is  to  follow  the  lines  of  the  ornamental 
mouldings  on  the  outside  of  the  column,  it  may  be  provided  with  a 

special  core  box  or  better  with  a 
sweep  as  shown  in  Fig.  252.  This 
sweep  is  used  to  shape  the  loam 
core  that  is  to  be  built  up  on  an 
iron  pipe.  Fig.  252  is  the  out- 
line of  the  template  that  is  to  be 
used  in  sweeping  the  core  for  the 
interior  of  the  columns  shown 
in  Fig.  253. 

Follow  Boards.  All  thin 
patterns  that  are  likely  to  suffer 
distortion  from  the  pressiure  of 
the  sand  while  being  rammed  up, 
must  be  provided  with  accurately 
fitting  follow  boards.  These  fol- 
low boards  may  be  made  to  fit 
on  either  one  or  other  of  the. 
sides  of  the  pattern. 

When  the  outlines  of  the 
pattern  are  very  irregular,  the  follow  boards  are  often  made  of 
plaster  or  other  comixjsition,  which,  when  dry,  is  used  to  support 


Fig.  252. 


Fig.  253. 


the  imttem  while  the  drag  is  being  rammed. 


Fig.  254  represents  a  section  of  a  railing  cap.    If  the  pattern 
13  were  to  be  set  with  th^  edges  a  a  renting  upon  the  wpulciing 


138  PATTERN  MAKING 

board  and  the  sand  of  the  drag  rammed  down  npon  its  npper 
face,  it  would  be  sprung  out  of  shape.  To  avoid  this  the  follow 
board  A  is  made  to  exactly  fit  the  under  side  of  the  pattern.  Then 
when  the  sand  is  rammed,  the  whole  pattern  is  supported  and  there 
will  be  no  distortion.  When  the  cope  is  rammed  the  follow  board 
is  removed  and  the  sand  of  the  drag  supports  the  pattern  while 
the  cope  is  being  rammed. 
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The  art  of  making  iron  cjistiiigs  has  1x?en  brought  to  its 
present  stall*  of  excellence  after  many  years  of  labor  and  experi- 
ment. Iron  in  it**  natural  state  exists  as  ores  and  to  be  of  use  to 
man  it  must  iii-st  be  smelted  to  a  form  that  is  known  as  pig  iron. 
In  this  state  it  may  be  puddled  or  wrought  to  convert  it  into 
wrought  iron  or  steel.  Iron,  as  steel  or  wrought  iron,  was  known 
for  many  centuries  l)efore  iron  castings  were  made. 

There  are  records  of  many  attempts  to  make  iron  castings  but 
there  is  nothing  of  importance  recorded  until  1544  when  a  patent 
for  making  iron  castings  was  granted  in  England. 

The  art  of  making  iron  castings  fii'st  became  successful  about 
the  beginning  of  the  eighteenth  century.  At  this  time  the  primi- 
tive cupola  was  invented.  It  consisted  of  a  crucible  upon  which 
a  stack  was  set.  The  whole  was  filled  with  coal  and  iron  as  is 
done  to-day  with  the  cupolas.  A  blast  of  air  was  forced  in  over 
the  top  of  the  crucible.  After  it  was  tilled  with  melted  iron  the 
stack  was  knocked  awav,  the  debris  cleared,  and  the  melted  iron 
from  the  crucible  poured  into  the  moulds. 

About  the  same  time  a  method  of  leading  off  gases  from  the 
moulds  was  discovei-ed  at  the   Darby  furnace  in  Colebrookdalc. 
From  this  time  the  art  of  n.oulding  steadily  advanced.      The  • 
introduction  of  the  steam  engine  in  the  last  half  of  the  century, 
materially  assisted  in  the  development. 

The  methods  employed  in  the  converting  of  j)ig  iron  come 
under  the  subject  of  MeUdlurgy.  After  the  pig  iron  has  been 
run  it  is  remelted  in  a  cupola  and  then  is  ready  to  be  made 
into .  iron  castings.  The  process  of  remelting  and  pouring  the 
melted  iron  into  moulds  will  be  discussed  in  the  following  pages. 

The  Foundry  is  the  name  applied  to  the  building,  cupola  and 
all  the  tools  and  appurtenances  that  go  to  form  the  equipment 
needed  to  make  iron  castings.  Of  these  the  cupola  is  the  moet 
important. 
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The  Cupola  is  the  furnace  in  which  the  iron  is  melted.  In 
general  construction  it  resembles  the  blast  furnace  in  which  the 
pig  iron  is  made.  The  difference  is  one  of  size  rather  than  of 
principles  of  construction  or  operation.  There  are  many  patented 
cupolas  but  these  patents  relate,  for  the  most  part,  to  details  and 
do  not  affect  the  general  construction.  The  ordinary  foundry 
cupola,  as  usually  built,  consists  of  a  shell  of  wrought  iron  riveted 
in  the  same  manner  as  the  shell  of  a  boiler,  and  lined  with  fire- 
brick. It  is  set  on  end  and  the  bottom  is  formed  of  two  doors 
opening  downwaixl.  A  blast  of  air  is  admitted  above  the  bottom  ; 
fuel  and  iron  are  thrown  in  at  the  top.  Fig.  1  is  a  vertical  section 
of  an  ordinary  cupola.  In  this  engraving  B  is  the  wrought  iron 
shell  which  contains  the  firebrick  lining  and  holds  the  latter  in 
place.  The  thickness  of  the  plates  of  the  shell  varies  from  :^  to  ^ 
inch  according  to  its  diameter.  The  thickness  for  one  of  45  inches 
diameter  should  be  |  inch.  This  shell  and  the  firebrick  lining 
usually  stand  upon  a  strong  cast  iron  base,  which  in  turn  is  sup- 
ported by  four  columns.  These  are  carried  on  a  stone  or  masonry 
foundation  and  are  of  sufficient  length  to  raise  the  base  three  or 
four  feet  above  the  floor. 

The  lining  of  the  cupola  should  be  made  of  firebrick.  The 
best  method  is  to  use  two  layers,  each  4  inches  thick.  When  the 
inside  layer  has  burned  through  it  may  be  renewed  without  disturb- 
ing the  one  next  the  shell.  Ordinary  red  brick  is  sometimes  used 
for  the  layer  next  the  shell  but  it  is  unreliable  and  used  only  on 
account  of  its  cheapness.  In  lining  a  cupola  the  bricks  used 
should  be  moulded  to  fit  the  circle  of  the  shell  and  should  be 
packed  as  closely  together  as  possible.  The  spaces  between  them 
should  be  filled  with  fire  clay  but  only  enough  should  be  used  to 
make  an  air-tight  joint.  The  smaller  the  amount  of  clay  used  the 
better.  To  obtain  the  best  results  prepare  the  clay  by  making  a 
thin  mixture  with  water.  Dip  the  brick  into  this  mixture  before 
setting,  and  enough  clay  will  adhere  to  make  the  joint.  After  the 
brick  is  put  in  position  rap  it  sharply  with  a  wooden  mallet  in 
order  to  force  all  superfluous  clay  from  between  the  joints.  A 
lining  put  up  in  this  way  will  last  twice  as  long  as  where  thick 
clay  is  used.  The  nominal  diameter  of  a  cupola  is  the  diameter 
inside  the  lining.     Hence  the  inside  diameter  of  the  shell  should 
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Vlg.  1.    The  CapolK. 
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hinge  connections  for  the  doora.  The  doors  are  also  of  cast  iron 
and  are  of  sufficient  strength  to  carry  the  load  put  upon  them. 
One  has  a  lip  cast  upon  it  so  that  a  closed  surface  on  the  lower 
side  is  presented.  There  is  no  latch  or  other  means  of  holding 
the  doors  except  a  prop  C  which  is  knocked  away  when  the  bottom 
is  to  \ye  dumped. 

The  Windbox  is  a  belt  or  pipe  surrounding  the  sliell  a  short 
distance  above  the  bottom.  Air  from  the  blower  entei-s  the  wind- 
box  before  entering  the  cupola.  The  openings  from  the  windtjox 
into  the  cuf  ola  are  called  tu yen's,  Tiie  location,  form  and  size  of 
the  tuyeres  have  been  dotermine<l  by  experiment.  They  are  made 
square,  rectangular,  triangular,  round  and  elliptical.  Each  form 
has  its  advantiiges,  although  th^  size  and  distribution  are  of  more 
impoi-tance  than  the  shnpe.  The  disbmee  from  the  bottom  depends 
upon  the  work  to  be  done.  Low  tuyeres  have  the  fidvant'ige  of 
effecting  some  saving  in  fuel.  Vov  ordinary  jobl/mg  shops  a  height 
of  10  inches  from  the  Ikisc*  to  the  bottom  of  the  tuyeres  will  give 
good  results.  This  a])plies  to  all  diameters  of  ciiiK)las.  The  total 
area  of  the  tuyeres  varies  with  the  size  of  the  cupolas.  The 
following  table  gives  the  total  tuyere  area  for  cuimlas  ranging 
from  24  to  7 '2  inches. 


Diameter 
of  Cupola. 

Area  of 
Tuyeres. 

No.  of 
Tuyeres. 

24  in. 

24  sq.  in. 

2 

30  in. 

75  sq.  in. 

3 

36  in. 

108  sq.  in. 

4 

4iJ  in. 

174  sq.  in. 

6 

48  in. 

204  sq.  in. 

6 

04  in. 

312  sq.  in. 

8 

coin. 

400  sq.  in. 

8 

U6in. 

440  sq.  in. 

8 

72  in. 

o50  sq.  in. 

10 

For  sizes  with  a  greater  diameter  than  60  inches  it  is  customary 
to  keep  the  diameter  60  inches  at  the  windbelt  or  tuyei-es  and 
increase  to  the  full  diameter  of  the  cupola  above.  This  is  done 
l)ecause  a  diameter  of  more  than  60  inches  at  the  tuyeres  does  not 
I3ermit  the  air  to  reach  the  center  of  the  cupola,  the   result  of 
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which  is  imperfect  combustion.  Thia  form  of  construction  is 
shown  in  Fig.  2. 

The  iron  is  drawn  out  of  a  spout,  located  at  the  bottom  of 
'  the  cupola  as  shown  in  Fig.  1 .  A  peep  hole  is  placed  in  the  wind- 
box  and  covered  with  mica  through  which  the  amount  of  accumu- 
lated iron  ma;  be  noted. 

MeltliiK  Iron.  We  now  come  to  the  preparation  of  the  cupola 
and  the  melting  of  the  iron.     The  first  thing  to  be  done  is  to 
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enter  the  cupola  and  daub  the  places  of  the  lining  that  have  been 
burned  away.  Fire  clay  mixed  with  a  small  quantity  of  sharp 
sand  is  used.  It  should  never  be  put  on  in  greater  thickness  than 
one  inch.  When  thie  is  insufficient  to  prevent  the  shield  from 
becoming  red  hot  the  .cupola  shoujd  be  relined.  After  the  inside 
has  been  cleaned  of  adhering  slag  and  daubed,  the  bottom  doors 
are  closed  and  propped.     Upon  the  bottom  a  protection  of  sand 
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and  cinders  is  placed  ami  rammed  down.  It  is  then  coated  with  a 
thin  liiyer  of  fire  clay  to  prevent  its  wiisliing  away.  The  front  is 
buiit  np  with  fire  clay  and  the  spout  lined  with  the  same.  !t  La 
l)est  to  build  a  email  fire  of  charcoal  in  tlie  spout,  to  drj-  it,  Itefore 
the  charge  is  put  in. 

The  Bed  is  the  name  applied  to  the  fuel  that  is  ^rst  put  in  the 
cupola.  Tiie  work  of  forming  the  Iwd  shiinld  be  carefully  done- 
First  some  shavings  are  placed  near  the  tap  hole  and  upon  these 
enough  perfectly  dry  wood  to  ignite  the  main  fuel.  Either  coal  or 
coke  may  Ik?  used  for  the  bed.  The  depth  will  be  lewa  with  the 
former  than  with  the  latter.  If  coal  is  used  Lehigh  lump  anthracite 
will  be  found  to  be  the  Ijest.  If  coke,  use  large  pieces  of  Connelle- 
ville.  The  bed  should  be  made  12  inches  thick  for  coal  iind  18 
inches  for  coke. 

Charglns.  The  first  charge  or  layer  of  iron  is  thrown  in  on 
the  bed.  It  usually  amounts  to  about  three  times  the  weight  of 
fuel.  Thus,  in  a  42-inch  cupola,  the  bed  would  consist  of  about 
520  pounds  of  coal  upon  which  I,oti0  pounds  of  iron  would  be 
thi'own  for  the  first  charging.  If  the  cupola  is  in  good  working 
condition  the  successive  chains  may  be  in  the  projwrtion  of 
about  one  pound  of  fuel  to  9^  {xtunds  of  iron.  Thu.s,  for  a  42- 
inch  cupola  the  chaises  should  consist  of  altout  400  pounds  of  fuel 
and  3,800  pounds  of  iron. 

Melting.  After  the  cupola  has  been  filled  with  alternate 
layers  of  fuel  and  iran  to  the  chaining  doors,  it  is  I'eady  for 
lighting.  As  the  cupola  has  Iteen  daubed  with  damp  materials,  it 
is  necessary  that  it  should  be  dried  before  the  blast  is  put  on. 
The  fire  is,  therefore,  usually  lighted  at  the  vent  hole  about  an 
hour  and  a  half  or  two  hours  before  the  pouring  is  to  begin.  This 
kindles  the  bed,  heats  the  cupola  and  first  charge  of  iron ;  besides 
it  either  ignites  or  heats  the  fuel  above.  About  twenty  minutes 
before  pouring  is  to  begin  the  blast  is  put  on. 

The  Blast  is  usually  supplied  by  a  fan  blower  which  should 
be  driven  by  an  independent  engine.  The  pressure  of  the  blast  is 
dependent  on  the  size  of  the  cupola.  It  varies  from  0  to  16  ounces 
per  square  inch.  The  lower  pressure  may  be  used  on  24-inch 
cupolas  and  the  higher  on  72-inch.  It  is  necessary  that  the  pres- 
sure should  be  sufficient  to  carry  the  air  to  the  center  of  the 
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cupola.  For  a  cupola  42  inches  in  diameter  the  pressure  should  be 
10  ounces. 

In  about  five  minutes  after  the  blast  has  been  applied  the  iron 
will  begin  to  ''come  down."  As  the  tapping  hole  is  still  o^)en  the 
iron  first  melted  will  flow  out.  This  should  be  allowed  to  continue 
for  a  few  minutes.  The  fii*st  iron  to  come  down  is  not  very  hot. 
If  the  tapping  hole  wei-e  to  be  plugged  at  once,  the  iron  would 
chill  over  the  inside  and  clioke  it.  When  the  iron  is  flowing  freely 
the  tapping  hole  is  plugged  with  a  piece  of  fire  clay.  This  is  done 
by  fastening  the  clay  on  the  end  of  a  rod  and  jamming  it  into  the 
hole.  When  this  has  been  done  the  melted  iron  will  accumulate 
in  the  bottom  of  the  cupola  and  the  lowest  layer  of  fuel  will  float 
upon  it.  Strict  watch  is  kept  through  the  peep  hole  and  when  a 
sufficient  quantity  has  been  melted  to  fill  the  ladles,  an  iron  bar  is 
rammed  through  the  tapping  hole  and  the  iron  drawn  off.  When 
the  cupola  has  been  emptied  the  hole  is  again  plugged  so  that  the 
iron  may  accumulate. 

As  the  iron  comes  down  and  the  fuel  is  burned,  fresh  charges 
of  both  in  alternate  layers  are  thrown  in  at  the  charging  door. 

After  all  the  iron  of  the  last  charge  lias  been  melted  and 
drawn  off  and  all  the  fuel  burned,  the  prop  supporting  the  bottom 
doors  is  knocked  away.  These  fall  and  the  contents  of  the  cupola 
is  dropped  upon  the  floor,  whence  they  must  be  cleared  away  after 
cooling. 

Besides  the  fuel  and  iron  that  arc  used  for  melting,  it  is  some- 
times advantageous  to  use  a  flux.  A  flux  is  "a  substance  that 
promotes  the  fusing  of  metals."  The  object  of  using  a  flux  in  a 
cupola  is  to  separate  the  impurities  from  the  iron  jis  well  as  to 
make  it  more  fluid.  The  materials  most  commonly  used  for  this 
purpose  are  oyster  shells  and  marble  chippings.  Limestone,  as  in 
blast  funmces,  is  also  used.  The  proportion  to  be  used  is  about 
six  pounds  of  oyster  shells  per  melted  ton  of  iron.  Where  the 
iron  is  clean  and  it  is  not  necessary  to  use  a  flux  it  will  be  found 
advantageous  to  throw  in  a  shovelful  of  oyster  shells  or  marble 
chippings.     This  helps  clean  out  the  lupola. 

Sand.  The  greater  portion  of  all  foundry  moulding  is  done 
in  sand.  The  sand  used  for  this  purpose  must  have  certain  peculiar 
properties.     It  should  have  a  uniform  grain,  have  some  adhesive 
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qualities,  and  he  infusible  at  high  temperaturee.  A  failure  to 
poasena  the  first  quality  will  make  even  ramming  difficiilt  or  impoe- 
Rible.  ir  it  will  not  adhere,  when  mmme<l,  thn  mould  will  full  to 
pieces.  If  il  is  not  infusible,  it  will  nicU  niider  tlie  high  tem^wm- 
tni-es  to  whii-h  it  will  t>e  subjected  ami  ruin  the  i-asting.  A  good 
moulding  sand  .should,  therefore,  consist  niiiinly  of  silica.  Silica 
is  one  of  the  most  infusible  of  the  elements.  The  sand  Is  mnde 
adhesive  by  mixing  with  it  a  little  magnesia  or  nUimina,  nsunlly 
the  latter.  It  is  found  as  an  oxide  of  aluminum  in  the  form  of  a 
ulay.  Moulding  sands  are  found  in  various  {uirta  of  the  countiy. 
They  are  found  In  Canada,  Central  New  York  and  New  Jei-sey. 
Any  sand  containing  limestone  should  Ih"  rejin-ted. 


KlK.  3. 

Cutting  Up  Sand  is  the  process  by  which  sand  is  worked  into 
condition  for  use  in  the  moulds.  It  is  now  sometimes  done  by 
special  machineiy.  Oi-dinarily  it  is  heaped  in  winrows  acKm  the 
floor  of  the  foundrj',  pails  of  water  are  thrown  over  it  and  it  is 
then  shoveled  tiack  and  forth  until  the  moisture  is  evenly  dis- 
tiibuted.  No  rule  can  be  given  for  the  quantity  of  water  to  be 
used.  The  sand  should  be  brought  to  about  the  same  condition  of 
dampness  iis  that  prevailing  six  or  seven  feet  below  the  surface  of 
an  ordinary  sand  bank. 

Flasks.  A  flask  is  the  frame  in  which  the  sand  is  held  while 
the  mould  Is  l>eing  made.  It  also  usually  holds  the  sand  until  the 
iron  has  been  poured.     They  vary  greatly  as  to  form  and  wu. 
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Flasks  are  often  made  of  wood,  but  when  many  castings  are  to  be 
made  from  any  one  pattern  it  is  better  to  use  cast  iron.  The 
ordinary  form  of  wooden  flask  is  shown  in  Fig.  3.  The  uf^ier 
[lortion  A  is  called  the  cope  and  the  lower  portion  B  is  the  drag  or 
noweL  llie  difference  is  that  the  cope  is  provided  with  a  number 
of  crossljars  a  a.  These  bars  provide  surfaces  to  which  the  sand 
adlieres  when  the  cope  is  lifted  from  the  pattern.  The  drag  has 
no  croHsbars  because  it  is  only  lifted  or  moved  when  there  is  an 
opportunity  to  clamp  a  moulding  board  on  each  side  of  it  to  hold 
the  sand  in  position.  In  order  to  insure  an  accurate  registering  of 
the  two  parts  of  the  flask,  a  dowel  pin  and  plate  is  attached  to 
each  end  as  shown  at  b  Fig.  8. 

The  frame  of  the  flask  should  be  made  of  sound  wood  about 


Kig.  4. 


Fig.  r>. 


1  ^  inches  thick  and  of  a  width  suited  to  the  size  of  pattern  to  be 
moulded.  It  should  be  tied  together  with  bolts  to  prevent  break- 
age. The  bars  are  made  of  thinner  material.  They  may  be  from 
I  to  1  inch  in  thickness. 

Iron  flasks  (Fig.  4)  are  made  of  cast  iron.  The  thickness 
of  metal  ranges  from  \  inch  upward,  according  to  the  size  of  the 
flask.  The  bars  of  the  cope  for  small  flasks  may  be  made  |  inch 
thick.  The  edges  of  the  drag  and  cope  should  be  planed  where 
they  come  together.  Dowel  pins  should  be  fitted  into  lugs  cast  on 
the  side  of  the  flask  so  that  the  mould  will  always  register 
accurately. 

The  size  of  the  flask  chosen  for  any  piece  of  work,  should  be 
such  that  a  thickness  of  from  at  least  2  to  3  inches  of  sand  should 
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be  upon  all  sides  of  the  pattern.  This  thickness  must  be  increased 
as  the  weight  of  the  casting  increases. 

For  very  light  work  snap  flasks  are  used.  These  open  out 
and  may  be  removed  from  the  sand  before  the  metal  is  poured. 
It  is  thus  possible  to  make  a  large  number  of  moulds  in  a  single 
flask.  This  saves  in  the  original  investment  of  the  foundry.  An 
ordinary  snap  flask  is  shown  in  Fig.  5. 

Large  flasks  are  usually  provided,  both  in  the  cope  and  drag, 
with  trunnions  by  which  they  are  raised  and  moved.  They  should 
also  be  strengthened  at  the  edges  as  shown  in  Fig.  6. 


Fig.  6. 

Flasks  ai-e  also  made  with  the  sides  hinged ;  for  dressing  they 
may  be  turned  down  with  a  portion  of  the  sand. 

Tools.  The  moulder's  tools  are  of  the  simplest  character. 
They  should,  however,  be  well  made  and  receive  proper  care. 
Some  are  provided  by  the  employer  and  some  by  the  moulder. 
Those  usually  supplied  by  the  employer  are  water  pails,  shovels, 
swabs,  riddles,  bellows  and  rammers.  There  ought  always  to  be 
an  ample  supply  of  these  tools  so  that  no  one  need  be  idle.  The 
pails  are  used  for  wetting  down  the  sand  previous  to  cutting  up» 
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etc.  The  ahoveU  are  for  cutting  the  Hand,  tlii-owiiig  it  into  the 
riddles  and  similar  work ;  the  swabs  serve  to  moisten  the  sand  in 
the  moulds  when  finishing.  The  riddles  are  the  sieves  through 
which  the  sanit  is  sifted  upon  the  patterns  so  that  when  the  nim- 
ming  is  done  it  will  be  light  and  even  in  its  texture  niul  fi'ee  from 
lumps.  'I"he  bellows  serve  to  remove  the  dust  and  loose  sand  that 
^jfrtirPTmn^  may  have  accumulated  in  the  recesses  of  the 
mould  while  in  course  of  preparation. 

The  rammera  vary  in  length,  weiglit  and 
form  in  accordance  with  tlie  work  to  be  done. 
The  general  forms  of   rammers  are    shown  in 
Figs.   7  and   8.     The   quality   of   the   casting 
depends  upon  the  weight  and  form  of  the  ram- 
mer, and  the  force  of  the  blow.     For  ramming 
moulds   that  are  upon   the  floor  a  rammer  as 
shown    in    Fig.  7   is 
used.      It   is  usually 
made  of  iron  and  its 
weight  depends  upon 


Fig.  8. 


FIB.  8. 


the  depth  of  sand  to  be  rammed.  For  ordinary  work  tliis  weight 
should  be  about  9  pounds.  One  end  is  flattened  and  fmni  3  inche.s 
to  4  inches  in  diiimet*'r.  The  other  end  is  wedge-shaped  with 
a  rounded  edge.  Tiie  wooden  rammer  shown  in  Fig.  8  is  for 
bench  work.  When  such  rammers  are  used  one  is  usually  held 
in  each  hand.  It  is,  therefore,  used  for  light  ramming  of  small 
work  on  a  thin  body  of  sand. 

The  tools  of  the  moulder's  personal  kit  are  small,  light  and 
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simple.  Fii*8t  he  should  have  a  liberal  supply  of  vent  wu-es  of 
various  sizes.  These  should  be  from  ^^^  iuch  to  \  inch  in  diame- 
ter. They  ai*e  made  of  ordinary  stiff  iron  or  steel  wire  flattened 
at  one  end  and  filed  into  the  shape  of  a  sjKiar  head  as  shown  in 


Fig.  10. 

Fig.  0.  Mis  next  implement  is  the  trowel  (Fig.  10)  ;  this  tool  is  in 
constant  use.  Each  moulder  should  have  at  least  four  of  diflFerent 
sizes.  Its  blade  is  scpiare  or  with  a  rounded  end.  It  should  be  stiff 
with  a  perfectly  smooth  flat  surface.  The  lengths  should  Ir^ 
from  4  to  7  inches.  Such  a  trowel  is  used  for  slicking  off  flat 
surfaces.  When  it  becomes  worn  and  pHahle  it  may  be  used  on 
curved  surfaces.  Another  form  of  trowel  is  of  the  heart-shape 
(Fig.  11 ).     The  blade  of  this  tool  should  l)e  about  3  or  4  inches 
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Fig.  11. 


Fig.  12. 


long.  It  is  used  for  slicking  off  comers  that  cannot  be  reached 
with  the  square  trowel.  A  combination  form  of  heart-shaped  and 
s(|uare  trowel  is  shown  in  Fig.  12.  This  is  usually  a  light  tool 
with  blades  from  2  to  3  inches  in  length.  Smoothers  with  the 
hamUe  set  at  an  angle  Jis  in  Fig.  13,  serve  the  puqK)8c  of  the 
trowel  where  the  mould  cannot  be  reached  by  the  latter.  They 
should  be  from  ^  inch  to  2  inches  in  width.  Sometimes  they  are 
made  with  loose  ends  that  can  be  screwed  upon  shanks. 

LifterSy  as  shown  in  Fig.  14  are  important  tools.  They  are 
used  for  Bleeking  and  smoothing  such  portions  of  the  mould  as 
Qannot  be  reached  by  the  trowel.     Their  name  is  derived  from 
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their  uae,  that  of  lifting  out  portions  of  sand  that  may  have  broken 
oft  from  the  mould.  A  modified  form  of  smoother  intended  for 
rounded  surfaces,  and  called  a  bead  tool  is  sliown  in  Fig.  15. 

Still  other  forms  of  smoothers  are  shown  in  Figs.  16  and  17. 
These  are  for  working  into  and  over  corners.  Sometimes  they  are 
made  with  a  concave  or  convex  surface  as  shown  in  Figs.  18  and 
19  and  20. 

These  are  the  principal  types  of  tools  used.     They  are  of 


Fig.  13. 


¥\S,  15. 


Fig.  16. 


Fig.  17. 


Fig.  14.  Fig.  18.  Fig.  19. 

almost  infinite  variety  of  shape  and  design  dependent  upon  the  class 
of  work.  Where  a  moulder  is  engaged  exclusively  on  one  class  of 
work  he  will  need  special  tools,  of  the  above  general  forms.  These 
can  best  be  designed  to  meet  the  necessities  of  the  work  in  hand. 
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ilouldins:  5and.  The  qualities  of  ordinary  moulding  sand 
have  already  been  given  as  infusibility  and  adhesiveness.  Such 
sand,  when  used  in  its  natural  condition  is  called  green  sand. 
Green  sand  moulding  is  most  extensively  practiced.  In  many 
foundries  it  is  used  exclusively. 

Loam  is  usually  made  in  the  foundry  where 
it  is  used.  It  consists  of  sharp  sand,  moulding 
sand,  manure  and  clay  wash.  The  best  way  of 
mixing  the  loam  is  by  the  use  of  a  mill.  Loam 
mixing  mills  are  practically  the  same  as  flour  mills.  Fig.  20. 

Each  has  its  upper  and  lower  stones.     Grindstones 
are,  however,  used  instead  of  burr  stones.     When  the  loam  is 
mixed  by  hand  the  mixtui*e  is   beaten  with  an  iron  rod  as  it 
lays  upon  an  iron  or  wooden  bench.     The  mill  is  the  better  means 
of  mixing. 

The  ingredients  of  loam  vary  with  the  purpose  for  which  it  is 
intended  and  also  with  the  method  of  mixing.  When  ground  in 
a  mill  a  good  proportion  is :  sharp  sand  7  parts,  manure  2  parts, 
moulding  sand  2  parts,  mixed  with  a  thick  clay  wash.  Clay  wash 
is  made  by  stimng  oixlinary  blue  clay  in  water.  A  thick  wash  is 
obtained  by  using  a  surplus  of  clay,  and  stirring  frequently. 
When  the  loam  is  mixed  by  hand  the  proportions  vary  somewhat. 
They  should  be :  sharp  sand  5  parts,  moulding  sand  2  parts  and 
manure  1|  part,  mixed  with  a  thick  clay  wash.  The  sharp  sand 
is  used  as  a  regulator  for  the  moulding  sand.  The  more  clay 
there  is  in  the  moulding  sand  the  greater  the  quantity  of  sharp 
sand  that  must  be  used.  Experience  alone  can  tell  the  exact 
ratios.  A  skilled  workman  can  tell  by  the  feeling  as  to  whether 
the  lonm  is  properly  mixed  or  not.  A  practical  test  is  to  take  a 
welUlried  lump  and  drop  it  in  molten  iron.  If  the  iron  boils 
after  the  first  bubble,  the  mixture  is  too  dense  and  contains  too 
much  clay.     In  this  case  more  sharp  sand  must  be  added. 

Dry  Band  is  the  name  applied  to  a  class  of  moulding  where 
the  moulds  are  baked  in  an  oven  before  being  used.  The  most 
common  example  of  dry  sand  moulding  is  that  of  cores.  The 
great  majority  of  all  cores  used  are  made  of  dry  sand.  Loam  cores 
are  sometimes  used  in  green  sand  moulds.  Dry  sand  cores  and 
moulds  ara  made  of  sharp  sand  with  a  binder  to  cement  the  gnuns 
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together.  Good  nharp  sand  should  be  free  from  clay.  The 
grains  should  stand  out  separately  and  distinct  from  each  other. 
It  should  consist,  as  nearly  as  possible,  of  pure  silicon.  The 
best  of  sharp  sand  may  be  obtained  from  any  of  three  sources ; 
the  lieach  where  it  has  been  washed  by  the  waves  of  the 
ocean ;  river  beds,  where  it  has  been  cleansed  by  the  scouring 
action  of  the  stream  and  the  artificially  washed  sand  taken  from 
banks. 

The  binders  used  as  cement  for  cores  are  beer,  flour,  molasses, 
resin,  clay  and  glue.  Those  in  most  common  use  are  flour  and 
molasses.  As  in  loam  moulding,  the  proportions  of  the  ingredi- 
ents used  in  cores  vary  with  the  work  to  be  done.  A  good  com- 
mon mixture  Ls  the  following:  1  part  flour,  7  parts  clean  sharp 
sand  and  3  parts  fine  moulding  sand,  mixed  with  enough  water  to 
dampen.  A  tougher  coi^e  can  be  made  of  12  pounds  of  sharp 
sand,  T)  |X)unds  of  moulding  sand,  2  pounds  of  very  finely  ground 
resin  and  -J  pound  of  flour.  This  should  also  be  mixed  with  water 
in  which  molnsses  has  been  stirred  in  the  proportion  of  I  gill  to 
the  quart.  Tlie  ingredients  should  be  carefully  mixed  so  thatfeach 
portion  is  evenly  distributed  throughout  the  mass. 

Cores  are  made  in  core  boxes.  The  construction  of  these 
ooxes  is  fully  described  in  "Pattern  Making.'*  After  the  core 
mixture  is  made  it  is  rammed  into  the  core  boxes,  turned  out  on 
the  bench  and  then  carefully  and  thoroughly  dried  in  a  core  oven. 
As  already  stated  in  *'  Pattern  Making  "  cores  are  frequently  made 
in  halves  and  pasted  together.  The  paste  is  made  of  a  cheap 
q^rade  of  wheat  flour.  After  the  core  or  dry-sand  mould  has  l)een 
dried  it  should  be  blackened  so  as  to  present  a  smooth  surface  to 
the  inm.  The  blocking  may  also  be  applied  before  the  core  is 
Itaked.  Preparation  of  the  blacking  calls  for  the  same  skill  as 
that  of  the  core  and  loam  mixing.  A  good  l)lacking  may  be  made 
of  1  pound  of  black  lead,  1  pound  of  charcoal  blacking,  4  pounds 
of  Lehigh  blacking,  mixed  with  beer  or  mola.-^K  s  water  and  a  little 
fire  clay.  In  mixing  molasses  water  for  this  purpose,  use  about 
one-half  a  pint  of  molasses  in  a  pail  of  water. 

Core  ovens  are  used  for  drying  cores  and  moulds.  There  are 
many  styles  of  ovens.  Where  large  and  small  work  is  done  there 
should  be  two  ovens  for  the  two  classes  of  work.    It  is  uneconomi- 
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cal  to  heat  a  large  oven  in  order  to  bake  small  cores.  The  oven 
and  fireplace  are  usually  in  the  same  enclosure.  Thus  the  products 
of  combustion  come  in  contact  with  tlie  cores  without  injury  to 
them.  A  convenient  fonn  of  oven  for  baking  small  cores  is  shown 
in  Kig.  21.  It  consists  of  a  number  of  circular  shelves  mounted 
on  a  central  shaft  which  is  hold  by  a  sti'p  at  the  bottom  and  a 
U'tiring  at  tin*  top.  I>y  turning  the  shelves  any  pai'ts  of  .them  may 
be  brought  op[K)sitc  the  door  for  loading  or  removing  the  cores. 
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Fig.  21 

The  shelves  should  be  in  the  form  of  gratings  so  that  the  hot 
gases  may  pass  through  and  around  the  cores.  The  furnace  and 
stack  should  be  arranged  so  that  the  hot  gases  and  products  of 
combustion  are  made  to  pass  across  the  oven. 

Large  ovens  are  made  with  a  traveling  carriage.  The  cores 
are  loaded  when  the  carriage  is  outside  the  oven.  The  carriage  is 
then  run  in,  the  doors  closed  and  the  fire  lighted.  Such  an  oven 
is  shown  in  Fig.  22.  The  furnace  is  located  beneath  the  floor  of 
the  oven.  There  are  racks  upon  each  side  upon  which  cores  may 
be  dried  as  well  as  upon  the  carriage. 

Firing.     The  best  fuel  for  firing  a  core  oven  is  coke.     Wood 
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is  very  frequently  used,  as  is  also  hard  and  soft  coal.  It  is  desir- 
able to  have  a  steady  fire.  Wood  and  soft  coal  do  not  make 
steady  fires  and  they  require  constant  attention.  Hard  coal  makes 
a  good,  hot  fire,  but  it  is  expensive.  The  time  required  to  dry  a 
core  varies  from  one  to  fourteen  or  more  hours,  according  to  its 
size.     Where  large  cores  are  to  be  dried  it  is  customary  to  bake 


Fig.  22. 


them  all  night.  In  such  cases  the  dampers  of  the  furnace  must  be 
anunged  so  that  the  fire  will  bum  steadily  for  a  long  time  without 
attention. 

Dry  sand  moulds  are  baked  in  the  same  way  as  cores,  except 
that,  in  some  instances  they  are  dried  in  position.  Loam  moulds 
are  also  dried  in  position. 

riouldliic*  "^^^  work  of  the  moulder  differs  from  that  of  the 
carpenter,  blacksmith  or  machinist.     The  blacksmith  can  see  with 
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each  blow  of  his  hammer  how  his  work  is  progressing ;  the  machin- 
ist has  his  work  constantly  under  his  eye  so  that  he  sees  just 
what  is  being  done  even  with  the  finest  cut.  But  with  the  moulder, 
the  progress  of  his  work  to  some  extent  is  not  visible.  He  makes 
his  moulds  and  cores  but  the  progress  of  his  work  cannot  be  fully 
determined  until  the  casting  is  completed.  For  this  reason  the 
moulder  must  work  with  great  care  ;  his  skill  comes  largely  from 
his  own  experience  and  that  of  his  fellows.  Knowing  "  the  reason 
why  "  is  of  as  much  benefit  in  this  work  as  in  any  other. 

It  is  impossible  to  give  explicit  directions  as  to  the  force  of 
the  blow  to  be  given  to  the  i-ammer.  This  must  be  left  to  the 
judgment  of  the  workman.  He  will  soon  learn  to  gauge  the  blow 
according  to  the  work  to  be  done.  The  general  principles  of  ram- 
ming may  be  roughly  stated  to  be : 

The  deeper  the  body  of  sand  the 
harder  the  ramming. 

The  hardest  ramming  must  be 
done  near  the  lowest  point  of  the  sides 
of  the  moulds. 

The  lightest  ramming  should  be 
done  near  the  highest  point  of  the 
sides  of  the  mould. 

To  these  statements  it  may  be  ^' 

added,  that  light  ramming  continued,  until  the  sand  is  in  a  proper 
state  of  compactness,  will  give  better  results  than  hard  ramming 
for  a  shorter  time.  Evenness  in  the  blows  is  of  the  greatest 
importance.  Any  bottom  section  of  a  mould  that  is  to  have  a 
pressure  put  upon  it  by  a  rapid  flow  of  molten  metal  will  stand 
harder  ramming  than  where  it  is  to  be  covered  over  slowly. 
Hard  ramming  causes  more  trouble  than  light.  The  rammer 
should  never  be  allowed  strike  the  pattern. 

The  general  method  of  making  a  mould  is  the  same  for  all 
patterns,  but  there  is  an  endless  variety  in  the  detail.  As  a  simple 
example  take  the  gland  illustrated  in  Fig.  56  of  **  Pattern  Mak- 
ing "  arid  reproduced  here  in  Fig.  28. 

First  select  a  flask  of  a  suitable  size.  It  should  be  at  least  8 
inches  larger  each  way  than  the  diameter  of  the  pattern,  and  2  J 
inches  deeper.    Tliis  leaves  4  inches  of  sand  upon  each  side  and  2i 


32 


FOUNDRY   WORK. 


Tnches  at  the  bottom.  Tlte  Hask  consists  of  the  two  parts,  the  cope 
Slid  drag  or  iiowel  to  which  must  be  added  a  moulding  board, 
Thtfi  muuldiiig  board  in  iiwd  i-epeatedly  for  successive  moulds.  It 
consists  uf  smooth  iKtaixlFt  fastened  together  with  cltati^  as  in  Fig. 
24,  and  liiis  one  ])1iiin  Hiirfai^c.  The  moulding  boiirtl  is  laid  in  a 
liivcl  positiou  on  the  floor  witli  tlio  plain  surface  iijijjiTmnst.     Tlie 


nttem  m  placed  in  the  miihllc  of  the  board,  with  the  side  down 

irfaicli  is  to  1k!  at  the  purling  line  between  the  cope  and  dnig.     The 

nig  sliould  then  be  set  on  the  moulding  Ixiard  (Fig.  25)  bottom 

It  must  be  adjusted  so  as  to  stand  evenly  about  the  pattern. 

f Till  n  riddle    with  sand  and  sift  it  over  the  jiattem    until  it  is 

I  tntirely  covei'ed.      Where  there   is  to  be  h  eoie  fornted  of  green 

md,  as  in  this  ciise.  the  bole  in   the  pattern  must  tje  Hlled  with 


sifted  sand.  Tuck  this  sand  down  snugly  into  tiie  hole  before 
commencing  to  ram.  When  the  ramming  is  completed  scrape  off 
tlie  sand  that  projects  Wyond  the  edge  of  the  di-j^.  lay  another 
board  on  top  to  hold  the  sand  in  position,  and  clump  the  drag 
and  the  two  Itoai-ds  together  as  in   Fig.  26. 

The  clampft  useil  for  this  purpose  should  be  sti-ougly  made  of 
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iron  about  1  inch  square  and  of  the  shape  shown  in  Fig.  27. 
They  should  be  long  enough  to  slip  easily  over  board  and  drag 
and  be  held  by  wedges  driven  in  as  shown  in  Fig.  26. 

When   the   drag   and   moulding  boards  have   been  clamped 
together  the  whole  should  be  turned  over  and  the  moulding  board 
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Fig.  27. 


removed.  This  exposes  the  surface  of  the  sand  with  the  pattern 
on  top.  Examine  the  mould  carefully  to  see  if  the  sand  lies  close 
about  the  edges  of  the  pattern.  If 
it  does  not,  mend  it  by  the  ad- 
dition of  sand  where  needed.  Do 
this  work  with  the  fingers  and 
only  use  the  trowel  for  smoothing. 

After  this  face  of  the  mould  is  made  all  right,  sprinkle  the 
whole  surface  with  sharp  sand,  which  is  then  called  parting  sand. 
This  will  prevent  the  sand  of  the  cope  from  adhering  to  that  in 
the  drag.  If  the  sand  adheres  the  cope  and  the  drag  can  not 
l>e  separated  and  the  pattern  removed  without  injuring  the  mould. 

After  placing  the  cope  in  place,  sift  in  enough  sand  to  cover 
the  upper  surface  of  the  drag,  then  shovel  in  enough  to  fill  the 
same  and  ram.  In  ramming  the  cope  be  careful  that  the  rammer 
does  not  strike  the  bars. 

When  the  cope  has  been  rammed  and  the  superfluous  sand 
removed  from  the  top,  it  is  lifted  oflf  and  laid  bottom  up.  The 
parting  sand  is  then  dusted  from  the  faces  of  cope  and  di'ag.    The 


867 


24  FOUNDRY   WORK. 

iwitt#rn  may  now  be  reinoveil.  It  is  uflually  lulviaable  to  wet  the 
Bwnb  mid  dmw  it  ai-ouiid  the  edge  of  the  piittein.  TliU  stiiTeiis 
the  sand  and  prevents  it  from  breaking  away  when  the  pattern 
starts.  Great  care  ahouhl  always  be  exercised  in  the  use  of  the 
swab.  If  too  much  water  is  used  it  will  cause  blowing  when  the 
iron  is  pouretl.  If  it  is  necessary  to  make  the  sand  very  damp,  it 
should  1«  <lried  somewhat  before  pouring.  The  pattei-n  is  lifted 
out  of  the  sand  by  screwing  a  lifter  into  tlio  lifting  plate,  if  there 
is  one.  If  no  lifting  plate  has  been  put  on  the  pattern,  a  sharp 
jHiiiited  lifter  is  driven  into  the  wood.     This  Ls  nipped  gently  to 
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and  fro,  while  l»eing  pulled.  As  soon  as  the  pattern  starts  the 
rapping  may  stop.  Be  careful  that  the  pattern  is  lifted  vertically 
and  does  not  strike  the  surface  of  the  sand.  The  mould  is  now 
made  and  only  requires  finishing  and  blacking. 

Blacking  is  a  mixture  of  anthracite  coal,  charcoal  and  black 
leiid.  all  especially  prepared  for  the  purpose.  A  good  mixture 
may  be  taken  as  2  parts  of  Lehigh  blacking,  1  part  charcoal  bhick- 
ing,  and  1  part  of  (Jerman  or  American  black  lead.  The  blacking 
may  be  applied  either  wet  or  dry.  When  applied  dry  it  is  put  in 
a  cotton  or  coarse  linen  bag  and  dusted  over  the  surface  of  the 
mould.  When  blacking  is  to  l)e  applied  moist  it  should  be  wet  with 
beer  or  molasses  water.  It  is  applied  with  the  swab.  The  object 
of  blacking  is  to  give  a  fine,  smooth  surface  to  the  face  of  the 
casting  and  to  prevent  the  sand  from  adhering  to  the  metal. 
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In  the  case  of  the  moulding  of  the  gland,  where  the  metal  is 
light  the  blacking  is  usually  applied  dry  because  the  parts  a  a 
(Fig.  28)  in  the  depth  of  the  dmg  are  not  accessible  either  to  the 
swab  or  the  snioothei-s.  After  the  blacking  has  been  shaken  over 
the  whole  surface  of  the  mould  the  exposed  paits  b  h  (Fig.  28) 
may  be  sleeked  over  with  the  smoothers.  The  mould  may  then  be 
closed,  as  shown  in  section.  Fig.  28.  In  which  it  will  be  seen  that 
the  mould  is  wholly  imbedded  in  the  drag.  The  core  is  formed 
by  the  green  sand  c.  The  cope  serves  merely  as  a  cover  to  pre- 
vent the  overflow  of  the  iron. 

The  passage  by  which  the  molten  metal  reaches  tlie  mould  is 
made  through  the  QO\y^.     This  is  done  while  the  cope  is  being 
rammed.     A  stake  (Fig.  29)  about  1| 
inches  in  diameter  and  long  enough  to 
reach  to  the  top  of  the  cope  is  stuck  in 
the  upper   surface  of  the   sand  of  the  Fig  29. 

drag.      This  projects  up    through    the 

cope  and  the  sand  is  rammed  about  it  as  though  it  were  a  pattern. 
Before  the  cope  is  lifted  off  this  is  pulled  out  leaving  a  hole  in  the 
sand  of  the  cope  as  at  rf,  Fig.  28.  From  the  bottom  of  this  hole 
a  groove  e  is  cut  out  of  the  sand  leading  to  the  mould.  The  top 
of  the  hole  /  is  usually  enlarged  so  as  to  secure  a  wider  opening 
into  which  to  pour  the  metal.  The  gate  d  should  not  lejwl  directly 
into  the  mould.  The  forc(j  of  the  falling  metal  dropping  u[>on  the 
face  of  the  mould  would  wash  it  away  and  ruhi  the  casting.  This 
is  called  the  gating  of  the  casting.  There  ai-e  many  ways  of  gating 
that  are  adapted  to  different  classeis  of  work,  some  of  which  will  be 
described  later. 

After  the  mould  has  been  closed  as  in  Fig.  28,  the  cope  and 
drag  must  be  clamped  together.  This  is  done  in  the  same  way  as 
shown  in  Fig.  26  where  the  drag  and  two  boards  are  clamped 
together.  Clamping  is  only  used  on  small  moulds.  In  large 
moulds  the  cope  is  held  down  by  weights. 

Weighting  or  clamping  is  necessary  in  order  to  prevent  the 
upward  pressure  of  the  molten  iron  from  forcing  apart  the 
cope  and  drag  or  floating  the  former.  The  upward  pressure  on  a 
cope  depends  upon  the  height  of  the  iron  above  the  upper  surface 
of  the  mould  and  the  area  of  the  latter.     Thus  in  Fig.  28  the 
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upward  pressure  on  the  cope  depends  upon  the  height  of  the  top 
of  the  gate  at  /  above  the  top  of  the  flanges  at  b  and  the  surface 
of  the  latter.  The  reason  for  measuring  to  the  top  is,  that  the 
gate  is  always  filled  with  metal  when  pouring  which  is  allowed  to 
cool  with  the  casting.  This  metal  is  afterwards  broken  ofif  and 
remelted.     It  is  called  a  sprue. 

To  Calculate  the  Upward  Pressure  on  a  riould.  The  upward 
pressure  of  molten  iron  upon  a  mould  is  calculated  in  the  same 
way  as  the  upward  pressure  of  water  upon  any  object  submerged 
in  it.  The  upward  pressure  of  water  is  calculated  by  multiplying 
the  height  in  feet,  by  the  weight  of  a  cubic  foot  of  water  and  this 
product  by  the  area  in  square  feet  upon  which  the  pressure  is 
exerted.  Iron  is  7.2  times  heavier  than  water  and  the  cubic  inch 
is  used  as  the  btisis  of  calculation.  The  rule,  therefore,  to  calcu- 
late the  upward  pressure  of  molten  imn  is :  viultiply  the  depth  in 
inches  by  the  weujht  of  a  cubic  inch  of  iron  and  this  product  by  the 
area^  in  SfpMre  inches^  upon  which  the  pressure  acts.  The  weight 
of  a  cubic  inch  of  cast  iron  may  be  taken  to  be  .2607  pound. 

EXAMPLES  FOR  PRACTICE. 

1.  What  is  the  pressure  per  square  inch  of  section  in  % 
mould  at  a  depth  of  8^  inches  below  the  surface  of  the  iron  ? 

Ans.  2.2-j-  pounds. 

2.  What  is  tlie  totid  pressure  upon  a  circular  areii  6  inches 
in  diameter  and  11  inches  below  the  surface  of  the  iron? 

Ans.  81.+  pounds. 

4.  What  is  the  pressure  upon  a  rectangular  surface  measur 
ing  12  inches  by  14  inches  and  13  inches  below  the  surface  of  the 
metal?  Ans  669-|-  pounds. 

The  pressure  of  molten  iron  is  exerted  in  every  direction  in 
exactly  the  same  manner  as  water.  (Sec  Mechanics,  Part  II, 
page  42).  The  height  of  the  metal  must  be  taken  from  the  sur- 
face of  the  gate.  Let  Fig.  30  be  the  section  of  a  mould.  The 
upward  pressure  per  square  inch  of  section  at  a  will  be  equal  to  the 
depth  h  multiplied  by  .2607.  The  lateral  pressure  per  square 
inch  at  b  is  equal  to  the  depth  A"  multiplied  by  .2607  and  the 
downward  pressure  per  square  inch  at  c  is  equal  to  the  depth  h' 
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multiplied  by  .2607.  The  total  lateral  pressure  is  equal  to  the 
area  of  the  sides  multiplied  by  the  average  pressure  upcni  them. 
In  Fig.  80,  let  the  mould  be  8  inches  square,  7  inches  deep  and 
the  gate  (A)  be  6  inches  long.  If  h  is  midway  between  the 
surfaces  a  and  e  then 

Area  of  a  =  64  square  inches. 
Area  of  c  ==  64  square  inches. 
Area  of  h  (one  side)  =  56  square  inches. 
Area  of  h  (four  sides)  =  224  square  inches. 
Height  A    zz     6  inches. 
Height  h'-  =  13  inches. 
Height  h"  =  9i  inches. 
Let  the  gate  at  «  be  semi-cir- 
cular and  2  inches  in  diameter,  and 
the  length  at  d  be  1  \  inches. 

Solving  this  in  accordance 
with  the  principles  set  forth  we 
have, 

Upward  pressure  at  a=l  ./)6-f- 
Ibs.  per  sq.  in. 

Total  upward  pressure  on  sur- 
face a  =  100.11  lbs. 

Avenige  side  pressure  at  h  =  2.48  lbs.  per  sq.  in. 
Total  side  pressure  at  b  (one  side)  =  138.69  lbs. 
Total  side  pressure  at  b  (four  sides)  =  554.77  lbs. 
Downward  pressure  at  c  =  3.39  lbs.  per  sq.  in. 
Total  downward  pressure  on  surface  c  :=  216.0  llw. 
Upward  pi*essure  on  surface  d  =  4.69  lbs. 
In  Fig.  80  let  A  B  be  the  parting  line  between  the  cope  and 
the  drag;  C  be  the  cope  and  D  the  drag.     It  is  evident  th«t  the 
pressure  at  6  is  sustained  by  the  sand  which  is  held  by  the  sides 
of  the  dnig.     The  pressure  on  the  bottom  c  is  carried  by  the 
moulding  lioard  and  floor.     Therefoi-e,  it  is  only  the  upward  pres- 
sure at  a  and  d  that  must  be  balanced  by  clamps  or  weights  in 
order  to  prevent  the  cope  from  being  lifted  by  the  iron.     In  the 
case  cited  this  amounts  to 

100.11  -I-  4.69  =  104.8  pounds. 
Hence  a  weight  of  at  least  104.8  pounds  must  be  placed  on 
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the  cope  to  hold  it  down.     Practically  this  should  be  at  least  150 
pounds. 

If  however  this  same  pattern  were  to  be  cast  as  in  Fig.  31 
where  2  inches  project  up  into  the  cope  ;  then  h  becomes  4  inches 
and  the  total  upward  pressure  at  a  is  66.7  pounds. 


Fig.  31. 
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Fig.  32. 


The  total  upward  pressure  on  the  cope  is  obtained  by  adding 
that  at  0?,  which  remains  the  same  as  before.  Hence,  total  upward 
pressure  on  cope  =  06.7  -|-  4.69  =  71.39  pounds. 

The  greatest  care  must  be  exercised  in  these  (^asos  to  deter- 
mine what  may  l)e  the  depth  of  the  surface  acted  upon  below  the 
upper  surface  of  the  gate.  The  way  in  which  a  pattern  is  moulded 
sometimes  has  an  important  effect  upon  the  prejjsure  on  the  cope. 
Suppose,  in  Fig.  32,  we  have  a  hollow  cylinder  of  8  inches  outside 
diameter,  8  inches  long  and  with  a  shell  and  l)ottom  1  inch  thick. 
It  is  to  l)e  cast  bottom  up,  with  the  face  a  on  tlie  parting  line 
A  B.  Let  the  depth  h  of  the  gate  in  the  cope  be  6  inches.  Then 
the  pressure  per  square  inch  at  a  will  be  1.56  pounds.  As  the 
area  at  a  is  50.266  squai*e  inches,  the  total  upward  pressure  is, 

50.266  X  1.56  =  78.41+  pounds. 

The  point  at  which  the  gate  enters  the  mould  is  of  no  moment  in 
calculating  the  pressure.  It  is  the  depth  of  tlie  surface  below  the 
top  of  the  gate  that  is  important.  In  Fig.  32,  the  surface  d  is  7 
inches  below  the  parting  line.  Hence  the  upward  pressure  at  that 
point,  per  square  inch,  is, 

.2607  X  18  =  8.39  pounds. 
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As  the  area  is  the  same  as  in  Figs.  30  and  31,  the  total  upwttrd 
pressure  at  <;  is 

S.39  X  3  =  10.17  pounds. 
Total  upward  pressure  on  rope  =  78.41  +  10.17  =  88.58  pounda. 

If  now  the  pattern  is  rcvei'sed  and  moulded  l>ottoni  down,  as 
in  Fig.  S.H,  a  different  pressure  will  be  put  upon  the  cope.  The 
pressure  at  a  is  that  due  to  the  Iieiglit  h  which  is  C  inches,  upon  a 
ring  8  inches  outside  and  6  inches  inside  diameter.  This  is  34.3 
pounds. 

The  pressure  upon  a'  (the  bottom  of  the  cylinder)  is  that  of 
a  circle  ti  inches  in  diameter,  submerged  to  a  depth  of  13  inches 
below  the  upper  surface  of  the  molten  metal. '  This  amounta  to 
95. HT)  pounds.     Wn  therefore  have. 

Upward  pressure  at  a  34.30  pounds. 

Upward  pressure  at  a'  95.85  pounds. 

Upward  pressure  at  d  10.17  pounds. 


:  pounds. 


Totiil  upward  preasnre  at  cope  140. J 

Thi«  is  a  <lifEerence  of  51,74 
pounds  dup  solely  to  the  method  of 
moulding. 

For  light  moulds  no  weight  la 
needed.  The  two  parts  of  the  flask 
may  be  held  together  by  clamps  as 
in  Fig.  26.  In  larger  moulds,  where 
the  pressure  would  be  apt  to  push 
the  sand  up  out  of  the  cope, 
weights  must  be  used.  The  amount 
of  weight  to  be  used  should  be  at  least  50  per  cent,  more  than  the 
calculated  pressure.  The  weight  miist  resist  not  only  the  calcu- 
lated or  static  pressure  in  the  mould,  bnt  also  that  due  to  the 
momentum  of  the  inflowing  metal.  This  latter  depends  upon  the 
hei^t  of  the  gate  and  the  volume  of  the  entering  metal.  For 
tue  an  excess  of  weight  Pig  iron  is  usually  the  most 
'■nt  to  use  for  weights. 

V.     It  is  ae  necessary  that  the  mould  shall  be  p*  operly 
tt  it  should  be  properly  made.     The  gate  is  thejpassage 
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left  in  the  sand  through  .wliich  tlie  metul  flows  to  the  mould.  The 
following  precautions  must  be  tiiken  in  making  the  gite  : 

(a)  It  must  be  of  such  size  that  the  metal  shall  flow  freely 
through  it  without  chilling. 

(J)  It  must  be  of  such  shape  that  sand  shal^  not  ^)e  torn  from 
its  sides  by  the  falling  metal. 

(<?)  It  must  allow  the  metal  to  enter  the  mould  in  such  «i 
manner  that  none  of  the  sand  constituting  the  latter  shall  be 
washed  away. 

In  small  castings  one  gate  may  l>e  used.  This  gate  may  enter 
at  the  top  of  the  mould  or  on  the  parting  line  between  the  cope 
and  the  <lrag.  For  heavier  castings  more  than  one  gate  must  be 
use<l.     The  reason  is  that  if  only  one  were  put  in,  it  would  have 
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in  be  very  large.  This  would  involve  a  large  inflow  of  metal  which 
would  w?ish  away  th(»  sand.  It  is  also  desirable  that  the  large 
moulds  should  be  fed  at  <liflerent  points.  ■  If  the  metal  were  poured 
into  a  large  mould  from  one  point  only,'  it  would  l>e  apt  to  ehill 
before  it  reached  all  parts.  This  would  produce  a  defective  casting. 
The  defect  might  consist  of  chilled  parts  or  an  incompletely  filled 
mould.  No  fixed  rule  can  be  given  for  the  numlier  of  gates. 
The  number  depends  upon  the  size,  shape  and  weight  of  the 
casting.  The  shape  of  the  mouth  of  the  gate  also  depends  upon 
the  weight  of  metal  to  l)e  poured.  For  small  eastings  it  may  be 
simjJy  belled  out  as  in  Figs.  30  and  31.  For  larger  castings  or 
where  the  gate  is  deep,  a  ba«in  should  l)e  formed  in  the  sand  of  the 
cope  at  the  mouth  of  the  gate.  Such  a  basin  is  shown  at/  in  Figs. 
32  and  33.  The  size  of  this  basin  depends  upon  the  weight  of 
metal  to  be  poured. 

In  general  it  is  always  well  to  make  the  gates  as  long  as 
possible.     Where  a  large  amount  of  iron  is  to  be  run  through  a 
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gate,  it  is  well  to  protect  the  mould  l>y  placing  cores  against  the 
pattern  at  the  point  where  the  nietiil  will  strike  the  sand.  This 
may  also  l>e  dcme  by  ramming  a  mixture  of  flour  and  facing  sand 
against  the  patterns  at  weak  points. 

The  size  of  the  gate  also  dei)ends  upon  whether  the  mould  is 
to  be  poured  rapidly  or  slowly.  In  the  grate-bar  Fig.  o4,  where 
there  are  a  nundK»r  of  small  cores,  a  Uy  the  metal  must  be 
poured  slowly.  If  it  were  to  be  poured  in  with  a  rush  the  cores 
would  Ik?  washed  away  and  the  casting  ruined.  Ih  Fig.  31  on  the 
other  hand,  where  then*  are  no 
light  cores  the  metiil  may  l)e  ])Oured 
very  rapidly.  In  Fig.  34  the  iron 
should  Ik;  poured  hot  and  slowly. 
In  Fig.  31  it  need  not  be  so  liot 
and  may  be  poured  rapidly. 

The  point  at  which  the  iron 
enters  the  mould  is  of  great  im- 
portance. The  methcwl  of  gating 
shown  in  Fig.  33  is  preferable  to 
that  of  Fig.  31.  In  Fig.  33  the 
gate  enters  at  the  lK)ttom  of  the 
UK  mid,  and  susbiins  all  the  effect 
due  to  the  falling  of  the  molten  metid.  There  is  in  this  csuse  little 
danger  of  Wiisliing  away  the  siind  of  the  mould.  In  Fig.  30  tlie 
iron  falls  from  the  jx)int,  where  the  gate  enters  the  mould,  uiM>n 
the  lK)ttom  c.  The  force  of  this  falling  metal  will  be  likely  to  wash 
away  the  sand.  This  can  be  obviated  in  two  ways;  a  dry  sand 
core  may  Ik*  put  in  the  bottom  of  the  mould,  or  the  gate  may  be  led 
in  at  tlu^  lK)ttom  as  shown  by  the  dotted  lines.  The  latter  is  the 
1  Hotter  method.  Where  moulds  are  veiy  deep,  even  a  dry  sand 
core  would  be  in  danger  of  being  washed  away. 

Where  two  or  more  gates  enter  a  mould  they  should  do  so  in 
such  a  way  as  to  promote  a  circulation  of  the  iron.  An  example 
is  given  in  the  round  plate  Fig.  35.  If  there  are  two  gates  enter- 
ing at  a  and  t,  it  is  evident  that  they  will  have  a  tendency  to  cause 
the  uK'tal  to  circulate*  in  the  same  direction,  as  indicated  by  the 
arrows  a'  and  b'.     If,  however,  the  gates  are  placed  ftt  b  and  c  the 
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tn  calculating  the  amount  of  metal  to  be  melted  or  poureil  an 
allowance  must  be  made  for  the  weight  of  the  sprues  that  till  the 
gates  and  are  attached  to  the  castings.  These  weights  must  be 
added  to  that  of  the  castings.  Where  there  are  cores  they  must 
be  deducted  from  the  calculated  weight. 

Ventins:.  Tlie  gases  formed  by  the  molten  iron  must  l)e 
allowed  to  escape  from  tlie  mould.  The  gases  are  produced  by 
the  decomposition  of  the  organic  matter  contained  in  the  sand  and 
cores.  This  is  due  to  the  heat  of  the  molten  iron.  Unless  the 
gases  are  allowed  to  escape  tliey  will  hold  back  the  iron  and  cause 
an  irregular  cjusting.  A  larger  quantity  of  gas  is  formed  from  dry 
than  from  an  <»qual  weight  of  green  sand.  This  is  due  to  the 
presence  of  a  larger  amount  of  organic  matttM*,  such  Jis  flour, 
molasses,  etc.,  in  dry  than  in  green  sand. 

Venting  is  usually  accomplished  by  pushing  a  vent  wire 
(Fig.  9)  through  the  sand  of  the  co{ie  at  several  places.  The 
larger  the  dry-sand  core  used  the  greater  the  number  of  vent  holes. 
Venting  is  very  important  in  moulding.  When  it  is  found  that 
the  gases  pass  up  through  the  iron,  causing  it  to  bubble  at  the 
mouth  of  the  gute,  the  venting  is  insuflficient.  If  a  mould  is 
rammed  solidly  th<*  numlK»r  of  v(*nt  holes  must  l)e  large.  When 
sand  lijw  Ix^en  us(*d  a  number  of  times  the  organic  matter  Ls  largely 
decomposed.  Hence,  old  sand  will  produce  less  gas  than  new,  and 
thei'efore,  requires  less  venting.  The  venting  should  be  done 
while  the  pattern  is  still  in  the  mould.  If  the  venting  is  not  prop- 
erly done,  the  pressure  of  the  gas  may  be  sufficient  to  throw  the 
metal  out  at  the  gate. 

Pourins:.  After  the  metal  is  melted  it  is  drawn  from  the 
cupola  into  a  large  ladle.  From  this  large  ladle  it  Ls  poured  into 
smaller  ones.  These  are  taken  to  the  moulds  and  emptied.  They 
vary  in  size  from  the  small  hand  ladle  that  may  be  carried  when 
filled,  by  one  man,  to  the  ladle  holding  several  tons  that  is  moved 
by  a  crane.  The  iron  as  it  comes  from  .the  cupola  is  usually  too 
hot  to  be  poured  immediately.  Cast  iron  melts  at  about  1500^ 
Fahr.  It  is  usually  much  hotter  than  this  when  it  leaves  the 
cupola ;  also  when  poured.  The  temperature  at  which  it  should  be 
poui*ed  depends  upon  the  kind  of  casting  to  be  made.  No  definite 
rule  can  be  given,  but  it  is  customary  to  have  the  metal  at  higher 
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temperatiii*es  for  the  thinner  castings.  Moulds  having  thin  core^i 
or  projections  should  be  poured  slowly  witli  liot  metal.  Heavy 
castings  with  few  or  no  cores  may  l)e  poured  rapidly  witli  dull 
metal. 

Ladles.  As  alread"*  stated,  ladles  are  of  all  sizes.  Tlie  ordi- 
nary  ladle  is  made  of  cast  iron  and  is  freshly  lined  after  eacli  cast- 
ing witli  fire  clay.  This  lining  is  called  daubing.  Hie  fire  clay  is 
mixed  witli  water  until  it  is  in  a  plastic  condition  like  putty.     Tlui 
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interioi"  of  th«^  ladle*  is  then  daulwd  U}  a  thickness  of  from  1  to  - 
inches,  'i'he  daubing  is  thicker  at  the  botU)]n  thnn  :it  tln^  toj),  and 
should  be  spreud  smoothly.  AfttM*  the  daubing  a  wood  fire  is 
built  within  the  JjuUe.  This  s«»rves  to  dry  the  cLmv.  If  it  were 
allowed  to  remain  (lani[)  the  steam  formed  by  tin*  molten  iron 
would  l)low  the  latter  out  of  the  ladle.  Many  serious  juM-idents 
have  been  cjiused  in  this  manner.  The  ladl(\s  that  can  be  carried 
by  hand  are  usually  held  in  a  frame  as  sliown  in  Fig.  P>7.  The 
ladle  thus  hung  is  usually  carried  by  three  men.  One  tiikes  hold 
of  the  two  handles  of  the  fork  at  a.  The  other  two  t;ike  hold  of 
the  single  l)ar  at  h.  The  object  of  this  arrang(»iTient  is  to  give  the 
moulder,  who  can'ies  at  /?,  complete  control  of  tilting  the  ladh^  and 
pouring  of  the  metiil.  T\w.  lengths  of  the  arms  are  j)ro|)ortioned 
to  put  approximately  the  same  weight  on  etach  mjin.  At  the  same 
time  the  mcndder  carries  more  than  one-third  of  the  weight  because 
he  is  in  a  l)etter  position  than  the  others  to  do  so.  Ladles  small 
enough  to  l)e  carried  by  one  man  have  a  single  handle  as  at  h. 

Qrade5  of  Iron.     The  grade  of  iron   for  a  particular  class 
dej)ends    upon    the    intended    use   of  the    casting,      'i'he    natural 
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gi-ades  of  pig  iron  are  varied  by  mixing  with  each  other  and  by  the 
addition  of  scrap.  The  pig  irons  are  placed  in  one  of  three  grades 
known  as  No.  1,  No.  2  and  No.  3.  There  is  no  absolute  distinc- 
tion l>etween  them  for  they  merge  into  each  other  by  imperceptible 
gradations.  The  mctiil,  when  cast,  contains  from  three  to  five  [km* 
ccMit.  of  carlKHi,  lK3sidessucli  eleiiioiitsassihcon,  siil{.lnn\  phos[)horiis 
and  mangjUKJSc.  In  some  cius(»s  it  also  contiiins  ars(»nir,  copiHir, 
etc.  ('arbon  is  the  distinguishing  element  of  pig  iron.  It  occui-s 
in  two  forms;  the  combined,  and  graphitic  or  uncombincd.  The 
difterence  in  the  gnides  of  iron  depends  upon  the  relative  pr()|K)r- 
tions  of  these  two  forms  of  carlion.  A  large  percentjige  of  the 
carlM)!!  in  the  soft,  gray  irons  is  in  the  uncombined  form.  In  the 
hairl,  white  irons  this  carlH)n  is  almost  wholly  combined.  The 
carlK)n  contaiufKl  in  cast  iron  never  exceeds  five  per  cent. 

No.  1  iron  contiiins  the  largest  amount  of  unconduiuMJ  (;arbon. 
It  is  of  a  dark  bluish  gray  when  broken.  TUv  fracture  also  shows 
nuuRMous  graphitic  scales.  Tiiis  iron  is  weak  and  hius  a  low  tcsii- 
silc  strengtli.  It  is  used  for  light  cjujtings  intended  for  ornamenUil 
work.  Sometimes  tiiis  iron  (contains  so  much  uncondnncd  carbon 
that,  when  melted,  kiah  aj)pears  on  the  surface.  Kii<h  is  a  car- 
buret of  iron,  wiiich,  when  cold,  apj)eai's  in  bright  shining  scales. 
In  the  ladle,  as  a  liquid,  it  floats  upon  the  surface.  It  possesses 
most  of  the  j)ro|K*rties  of  graphite  but  contiiins  less  carbon.  When 
kish  appeal's  the  iron  is  unfit  for  us(?. 

No.  '2  iron  conUiins  a  smaller  amount  of  uncondnned  and  more 
combined  carbon.  The  fnicture  is  more  regular  than  that  of  No. 
1.  Th(»  crystiils  are  smaller  and  the  color  a  lighter  gray.  It  is 
harder  and  stronger  than  No.  1,  and  is  used  for  the  general  run  of 
foundrv  work. 

No.  •>  iron  contiiins  less  uncombined  and  more  combined 
carhou  than  either  No.  1  or  No.  2.  The  fi-aeture  is  i*egular.  The 
crystals  are  still  smaller  and  the  color  still  ligliter  than  No  2.  It 
is  also  more  dense  and  stronger  than  No.  2.  It  is  suiUible  for  use 
in  heavv  work.  Wlien  melted  it  is  less  fluid  than  either  of  the 
otiier  two.      It  is  too  hard  to  l)e  readily  worked  in  a  machine. 

There  are  still  higher  nund>ers.  These  are  known  jui  forge 
irons  and  are  suit(*d  oidy  for  puddling. 
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The  effect  of  the  other  impurities,  such  as  silicon,  sulphur, 
phosphorus  and  manganese  is  also  very  marked.  These  always 
exist  in  much  smaller  quantities  than  carbon.  In  Lake  Superior 
charcoal  iron  there  will  usually  be  found  about  2.25  per  cent,  of 
silicon  ;  .03  per  cent,  of  sulphur;  .10  i)er  cent,  of  phosphorus  and 
from  .15  to  .18  per  cent,  of  manganese.  When  silicon  occui*s 
above  a  certain  per  cent,  the  iron  is  weakened.  If  this  propoition 
is  large  the  iron  is  made  hard  and  brittle.  Small  quantities  of 
sulphur  strengthen  ;  phosphorus  weakens  iron,  and  makes  it  more 
fluid  when  melted.  Manganese  gives  iron  a  white  appearance  and 
renders  it  more  brittle.  Where  iron,  is  to  be  csist  in  a  cliilly  as 
explained  later,  the  addition  of  powdered  manganese  tends  to 
increase  the  depth  of  the  chill. 

Any  degree  of  hardness  and  strengtii  may  l)e  obtained  by 
mixing  the  above-described  irons  in  suitable  proportions.  Wliere 
iron  is  to  be  subjected  to  blows  as  in  heads  and  anvils  of  steam 
hammers,  there  should  be  a  preponderance  of  No.  3.  For  steam 
engine  cylinders  and  all  castings  to  be  machine  finished,  where  tlie 
surface  must  be  Iiard  and  smooth  there  should  be  a  pieponderance 
of  No.  2.  The  iron  selected  should  be  compact  and  free  from  an 
excess  of  uncombined  carbon.  It  may  be  hardened  by  mixing  a 
little  scrap  with  it. 

Remelting  iron  tends  to  harden  it,  to  drive  out  tlie  uncom- 
bined carbon  and  to  give  it  the  characteristics  of  No.  3.  When 
iron  is  said  to  be  a  good  scrap  carrier^  it  is  meant  that  it  contains 
a  considerable  percentage  of  inicombined  carbon.  This  excess  of 
uncombined  carbon  makes  up  for  the  deficiency  of  the  same  in  the 
scrap.  Tlie  casting  produced  by  the  mixture  lias  the  cliaracter- 
istics  of  castings  made  from  No.  2  iron  of  good  quality,  except  that 
it  is  not  as  strong. 

The  tensile  strength  of  cast  iron  varies  from  20,000  pounds 
to  40,000  pounds  i>er  square  incli  of  section. 

Coolins:  of  Castings.  As  stated  in  ^^  Pattern  Making,"  it  is 
very  desirable  that  a  casting  should  be  made  as  nearly  of  a  uniform 
thickness  as  possible.  Where  the  thickness  of  the  metal  varies, 
the  thin  portions  cool  more  quickly  than  the  thick.  Internal 
stresses  are  thus  set  up  in  the  metal  which  may  cause  a  fracture. 
If  the  casting  is  not  actually  broken  it  is  strained  so  that  it  is  not 
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strong  enough  to  stand  the  load  which  it  was  calculated  to  bear. 
This  is  shown  in  Fig.  38  in  an  exaggerated  form.  The  thin  rim 
of  the  pulley  cools  first.  It  becomes  hard,  solid  and  fixed  while 
the  heavy  spokes  are  yet  at  a  high  temperature.  As  the  spokes 
cool  they  contract.  This  conti-action  of  the  spokes  pulls  the  rim 
toward  the  center  and  prol)- 
iiblv  results  in  a  fracture. 

It  is  not  .always  possible 
or  desirable,  however,  to 
make  castings  of  a  uniform 
thickness.  Where  the  thick- 
ness does  vary  the  cooling 
may  l)e  nuide  uniform.  This 
is  done  by  knocking  the  sand 
off  from  the  casting  and  ex- 
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posing  the  thick   parts  to  the  air  while  the  thin   jKirts  are  kept 

covered  by  the  sand.     The  heat  is,  therefore,  r^taincnl  in  the  latter 

and  its  radiation  checked,  while  the  radiation  is  facilitated  in  the 

thick  portions. 

Effect  of  Shape  on  Castins:s.       In    ^^  Pattern   Making,''  the 

nec«\ssity  of  fillets  in  all  corners  Wiis  stated.  The  reason  for  this 
is  that  any  sudden  variation  of  form  tends  to  weaken  a  casting 
whether  the  thickness  varies  at  that  point  or  not.  When  cast  iron 
changes  from  the  liquid  to  the  solid  state  it  crystallizes.  The 
crystals  thus  formed  are  either  of  a  right  square-based  octa- 
hedral form  as  in  Fig.  39 '  or  that  of  a  regular  octahedral 
as  in  Fig.  40.  These  crystals  always  armnge  themselves 
with  their  axes  perpendicular  to  the  cooling  surface.     When  the 


871 


FOUNDRY   WORK. 


canting  cools  slowly  the  crystals  are  larger  than  wlien  it  cuols 
rapidly.  The  larger  the  crystals  tlie  softer  the  metal.  Fig.  41 
shows  the  effect  of  cooling  wheu  the  corners  arc  roiiiidetl,  uho 
when  they  are  sharp.  It  will  be  seen  from  this  repi-CHentaition  of 
the  Hiraiigenicnt  of  the  cr^titals  when  cooling,  that  tlii'i-i>  U  a  lino 
connecting  the  two  Hliiirp 
coniurN  rtitinl  I'  whcif!  their 
axes  lie  at  right  angles  to 
each  other.  The  casting 
will  In-  weak  along  this 
line.  On  the  other  side 
whc™  the  two  changes  of 
dii'ection,  ''  and  tl,  are 
rounded  tlicr<!  is  no  Madden 
change  of  (]ire<;tion  in  the 
Hne  of  axes  of  the  crystals 
and  the  cnsting  i-etaiii.s 
nearly  its  full  strength.  A 
fillet  in  the  comer  at  a 
would  t«!tid  to  relieve  the 
stress.  Fillet*)  should 
therefore  always  ix;  used  in  such  places.  If  it  is  necessary  tiuit 
the  finished  work  should  have  a  square  corner  or  a  sharp  iingle, 
let  it  he  made  in  the  machine  shop  l»v  cutting  away  the  excess 
of  metal  left  on  the  casting. 

Cleaning  Castings.  Afti-r  the  castings  liave  been  jwuied  the 
sand  is  usually  shaken  off  from  the  heavier  parts  so  its  to  pi-oduce 
an  even  cooling  as  already  stated.  The  [touring  is  usually  done 
at  the  close  of  a  day's  work.  When  the  sand  is  shaken  off,  the 
sprues  are  broken  from  the  casting  by  the  blow  of  a  Iniinincr., 
The  clesuiing  is  done  the  next  morning.  This  consists  in  remov- 
ing the  sand  that  may  adhere  to  the  surface  of  the  castings,  and 
taking  the  cores  from  the  inside.  There  are  three  methods  of 
removing  the  sand :  by  nittling,  hy  brushing  and  by  the  siind  blast. 
The  first  is  usit!  for  small  castings.  They  are  put  into  a  cylindri- 
cal shell,  wliicJi  is  slowly  revolved.  The  ciwitirigs  an-  thus  tumbled 
over  each  other.  As  they  rub  jiikI  strike  together  the  sand  Is 
removed  and  the  surface  of  the  casthigs  miule  sniooth  iiml  hriglit. 
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Tho  iinmh  in  made  of  strong  steei  l)ristles.  Tliese  i-eniovp 
the  SHiid  from  llic  siiiface  of  the  caflting.  The  In-ushes  may  W 
iiseil  by  hand  or  Iw  diivcii  by  ]»OTver.  This  is  the  inos^  common 
method  of  cleaning  enatings. 

The  sand  blast  is  uapd  upon  heavy  eastings.  It  consists  of 
cutting  off  the  atlhering  sand  by  a  stream  of  sand  impelled  by  a 
current  of  air.  ("'are  must  Iw*  exercixed  in  using  the  simd  lila.st  aa 
till.'  Jiiinii  lias  yiTv  j^ri'jit  alirsLsive  [Ktwcr.      If    allowed    to    striko 
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against  the  metjd  of  i,||p  canting  it  will  cut  it  ;iway,  nrul  ■ri-oove  it 
deeply. 

The  HpniPH  lliat  are  knoeked  off  from  the  ejiMtingt*  are  iwiially 
throwii  intfi  thf  rattler  with  the  slint  anil  line  iron  left  in  the 
debris  from  dumping  the  cupola.  After  these  have  been  cleaned 
they  are  agiiin  llirnwn  intn  the  cupola  and  melted  as  scrap. 

S/iot  is  the  term  sipplied  to  the  small  pieccM  of  metal  found  i:i 
the  cupola  dump,  'I'hey  are  usually  hard  and  are  siniilHr  to  a 
hiv;h  grade  of  N'm.  :i  ir'm.  Si-rap  is  the  metal  that  is  thrown  iwide 
:itid  is  useless  exii'pt  It  be  i-e-melted  and  re-worked. 

Moulding  a  Oland  with  Core.  It  was  sttted  rn  >■  I'attern 
Making"  that  a  glitml  could  lie  moulded  so  as  to  make  itfi  own 
cove.  This  is  illustrated  by  Fig.  2'^  as  described  hi  connection 
with  Fig.  2S.  It  may  also  be  moulded  with  a  vertical  or  a  hori- 
Kontal  core.  When  moulding  with  a  vertical  coiv  the  work  of 
nimming  the  drag  is  done  in  precisely  the  same  way  as  when  the 
pattern  made  its  ow»  coie  as  in   Fig.   "23.      When   the   drag  is 
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core  in  position  while  the  iron  is  being  }X)ure(l  and  is  cooling. 
When  tlie  casting  is  removed  from  the  s;in<l  tlie  ehaplets  will  be 
found  inil)edded  in  the  iron.  The  projecting  pai-ts,  which  were 
imbedded  in  the  sjind  of  the  mould  are  cut  off  and  the  balance 
allowed  to  remain. 

Chaplets  are  also  made  in  the  form  of  studs  as  shown  in  Kig. 
48.     When  in  tliis  slijipe  they  simply  rest  upon  the  core  or  sanil 
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Fig.  46. 

and  are  entirely  imbedded  in  the  metal  of  tlie  casting.  Thi^j  are 
not  adjustable.  Each  one  is  suited  to  a  single  thickness  of  metal. 
They  are  used  where  many  castings  of  the  siime  tliickne^js  are 
used.  Where  these  thicknesses  vary,  the  chai)lct  shown  in  Fig.  47 
is  usually  the  only  one  used. 

The  use  of  rusty  chaplets  sliould  always  Im*  avoided.      I'lie 
hot  metal  striking  tlie  rust  decoui[)oses  it.      This   forms  a  gas  that 

suddenly  expands  and  is  likely  to 
cause  an  exj)losion.  Tlu'  result  may 
Ixj  the  destruction  of  the  mould. 
The  force  of  such  an  explosion  may 
be  sufficient  to  be  felt  for  a  distance 
of  from  six  to  eight  feet. 

The  forms  of  chaplets  arr  not 
confined  to  the  two  sha[)es  shown  in  Figs.  47  and  IH.  rhcy  may 
l)e  of  a  great  variety  suited  to  the  particular  ])la((»  in  which  they 
are  to  be  set.  They  all  I)elong,  however,  to  one  of  the  two  types 
illustrated,  that  is,  those  held  by  being  partly  pushed  into  the  sand 
and  those  resting  on  the  cores  or  mould. 

Qasrg^ers.     Sometimes  the  cope  nnist  carry  a  great  <lepth  of 
sand.     In  the  flasks  thus  far  described,  the  sand  is  lifted  in  the 
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Fig.  48. 
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cope  by  virtue  of  the  iidhesioii  of  its  grains  to  each  other  and  to 
tlie  sides  and  liars  of  the  cope.  This  adliesion  to  the  lull's  of  the 
cope  may  be  increased  by  giving  the  wliole  of  the  interior  a  bath 
of  clay  water.  This  should  always  be  done  when  there  is  a  con- 
siderable depth  of  sand  to  be  lifted.  The  sand  may  be  still  more 
firmly  held  by  the  use  of  soldiers.  These  are  usually  made  of 
short  pieces  of  rough  pine  about  one-half  inch  square.  They  are 
dipped  in  clay  water  and  arranged  in  rows  along  the  face  of  the 
liars.  They  merely  sei*ve  to  increase  the  surface  to  which  the 
sand  may  adhere.  They  are,  themselves,  held  to  tlie  liars  by  the 
clay  water  which  thus  forms  a  sort  of  paste.  When  the  depth  of 
sand  is  too  great  to  be  thus  lifted  gaggers  are  used.     A  gagger  is 
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Fig.  50. 


Fig.  51. 


a  p'm*(<»  (»f  l»eiit  iron  susj>ended  at  one  end  fi*om  the  liars  of  the 
cope  and  carrying  the  sand  on  a  projection  formed  at  the  other. 
Sonu*  couimon  forms  are  shown  in  Figs.  49,  TiO  and  Til .  Fig.  49 
is  a  simple  form  where  the  liack  a  is  stuck  to  the  bar  of  the  copie 
with  clay  water.  Fig.  50  is  a  gagger  that  may  be  hung  from  the 
sid(»  of  the  cope  or  one  side  of  a  bar.  The  form  shown  in  Fig.  51 
is  intended  to  straddle  the  bar  and  give  support  to  the  sand  upon 
lioth  sides. 

Follow  Boards.  In  Fig.  58  of  '^  Pattern  Making  ^'  a  wheel  pat- 
tern was  shown  that  could  not  be  drawn  from  the  sand.  In  Fig. 
44  the  round  pjittem  is  made  in  two  parts.  Where  the  pattern 
is  small  this  is  frequently  undesirable.  Where  there  are  only  a 
few  pieces  to  Ik*  made,  the  method  described  on  page  82  of 
*'  Pattern  Making"  may  lie  followed.  When  many  eastings  are  to 
1m*  poured  from  one  pattern  a  follow  board  should  be  used.  If 
the  pattern  is  ornamented  or  is  of  complicated  shape,  the  making 
of  a  wooden  follow  board  is  very  expensive.  The  moulder  can 
make  a  follow  boanl  very  cheaply  as  follows :  Have  a  frame  made 
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to  fit  over  the  frame  of  a  cope  as  in  Fig.  52.  The  frame  bo  suide 
to  be  one-half  the  thicknesa  of  the  pattern,  as  in  B.  This  is  set 
in  position  b»-neath  the  cope  iind  set  on  the  ninuldinj;  board.  Tlie 
cope  is  then  ntniineiil  with  siind  as  directed  for  the  ordinary  drag. 
'I'hf*  sand  nwed  is,  however,  to  be  esiwciiilly  preiwu-ed.  Take 
ordinaty  new  moulding  sand  and  dry  it  perfectlj'.  Then  mix 
it  with  boiled  linseed  oil  until  it  is  nearly  the  same  consistency  or 
a  little  more  soft  than  when  mLxed  for  monlding.  Ram  the  cope 
A  and  frame  B  with  this  sand.  Turn  over  and  remove  the 
frame  B.  Cut  away  nil  the  sand  remaining  above  the  jtarting 
line  0  D  and  sleek  off  the  Rurfa<?e  of  tlie  same  until  it  is  made 
U8  smooth  as  possible.     This  leaves  the  pattern  half  imbedded  in 


the  sand  of  the  cope  A.  Draw  tlie  iiattern  and  finish  the  mould, 
^'he  sand  tlniM  mixed  with  linseed  oj!  will  U-cnme  as  bard  as 
a  board.  When  diy  it  will  form  a  perfect  and  spi-viceable  follow 
board. 

The  method  uf  vxing  the  follow  honnl  is  in  lay  it  face  upward 
on.  the  floor  as  shown  in  Fig.  .'>2.  Put  the  pattern  in  position 
and  the  drag  upon  the  cope  as  shown.  The  drag,  of  coni-se,  rests 
upon  the  cope  at  the  parting  line  C  D,  The  frame  B  Is  not  used. 
Ram  the  drag  as  described  for  ordinary  work;  turn  the  whole; 
remove  the  follow  board ;  put  on  the  cope  and  i-am  as  in  the  case 
of  simple  or  two-part  patterns, 

Three-Part  Flasks.  The  gi-eater  portion  of  all  moulding  can 
be  done  with  flasks  consisting  of  a  cope  and  dnig  its  desciibed. 
These  are  called  two-part  flaakt.  .Sometimes,  however,  a  casting 
is  required  of  such  shape  that  the  pattern  cannot  l)e  made  of  two 
pieces  and  drawn  out  of  the  sand  of  the  cope  and  drag.  WJier. 
this  occui-s  flasks  of  three,  four  or  more  parts  are  used.     Fig,  53 
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illustrates  the  use  of  a  three-piirt  flask  for  the  moulding  oi  a 
Banged  pulley.  TIte  pattern  is  made  in  two  jiarbt  separated  along 
the  dotted  line  E  F.  It  is  evident  that  it  could  not  lie 
drawn  fi-om  tlie  sand  if  rammed  in  a  two-part  flask.  Tlie  part^ 
ing  line  would  tlien  be  on  the  line  E  K.  The  Hnngett  would  l)e 
buried  in  the  sand  and  could  not  he  drawn.  The  iihc  nf  a  three- 
part  flask  makes  the  moulding  pfissible.  One  half  the  pattern 
C  E  F  D'  is  laid  upon  the  moulding  board.  The  drag  ia  set  ovrr 
it  but  raised  hy  a  frame  the  height  D  G.  Tlie  sand  is  then 
rammed  and  the  dmg  turned.  The  frame  used  for  raising  the 
drag  is  removed  and  tlie  sand  cut  away  and  sleeked  down  to  tllc 
parting  lines  C  C  and  D  D'.     The  middle  section  or  cheek  of  the 


isk  A  r.  B  D  is  then  put  on  the  drag,  the  other  half  i.f  the  pat- 
tern set  on  its  mate  and  the  sand  rammed  outside  tlit>  pattern  in 
the  spaces  a  a.  This  sand  is  sleeked  off  on  the  parting  lines  A  A' 
and  B  B'.  The  cope  is  then  put  on  and  rammed.  The  sand  of 
the  cope  fills  in  the  hollow  6  6  on  top  of  the  pattern.  The  cope  is 
then  lifted  off  leaving  the  pattern  in  the  sand.  In  drawing  the 
pattern  its  upper  half  is  first  drawn  out  of  the  sand  of  the  middle 
section ;  the  middle  section  or  i-liffh  is  then  lifted  from  the 
pattern,  and  the  Wjtton)  half  is  finally  drawji  from  the  sand  of 
thi'  drag.  In  lifting  the  middle  section  from  tlie  pattern,-  the 
latter  should  be  gently  i-apped.  Other  and  more  complicated  pat- 
terns may  require  the  use  of  flasks  of  a  greater  number  of  parts, 
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but  the  principle  upon  whicli  they  are  made  and  used  is  the  same 
as  that  here  given.  The  middle  sections  are  provided  with  bars 
in  the  same  way  as  the  cope  or  better  with  the  lifting  plates  d  d. 
Usually  flasks  are  espc^cially  fitted  for  this  work.  The  bars  should 
lie  so  arranged  as  to  conform  to  the  contour  of  the  pattern  in  order 
that  the  sand  may  be  firmly  held.  .Gaggers  should  always  be 
used  where  needed. 


Fig.  r,4. 
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Open  Sand  iloulding:.  While  it  is  the  general  practice  to 
use  flasks  and  patterns  for  the  purpose  of  making  moulds,  it  is 
sometimes  possible  to  do  the  work  without  either  or  with  only 
one.  Where  flasks  are  not  used  the  mould  is  prepared  in  the  sand 
forming  the  floor  of  the  foundry. '  This  work  is  usually  confined 
to  flat  platens  where  the  upper  surface  is  large  and  smooth.  As  an 
example  of  this  class  of  work,  take  a  rubbing  plate  6  feet  square 
and  G  inches  thick.  This  will  weigh  a  little  more  than  four  tons. 
A  place  on  the  floor  is  selected  that  can  be  reached  by  a  crane. 
The  fl(X)r  is  first  rammed  hard»and  evenly  over  a  surface  of  about 
81  feet  square.  The  ramming  is  done  at  a  level  of  about  G  inches 
below  the  floor  surface  in  a  hole  excavated  for  the  purpose.  The 
bed  must  then  be  leveled  over  its  whole  area.  This  is  done  by 
setting  straight   edges  in  the  sand  8  feet  apart.     The  straight 


880 


FOUNDRY   WORK.  47 

edges  are  to  l>e  set  perfectly  level  and  of  tlie  same  heiglit.  It  is 
done  with  a  spirit  level  as  sliowii.  Tlie  four  stjikes  a  a  <t  a  (Fig. 
54)  are  driven  into  the  ground  at  the  proper  tlistaiices  as  Hhowii. 
Upon  tliese  tlie  straight  edges  A  A  are  leveled  by  spirit  li'vttU  h  b. 
They  are,  in  turn,  brought  to  the  same  height  by  thu  spirit  level 
set  on  the  Htniight  edge  B  When  the  two  upper  ed^p*  d  d  nl 
the  straight  edges  A  A  are  adjusted  the  floor  is  scnped  off  with 
the  straight  edge  B.  It  in  then  sleeked  sniootli  md  the  pittein 
laid  on  the  same. 

In  this  cuse  the  pattern  may  hi    i  squiiL  fi  tniL  uh  shown  ni 


Fig.  65, 


Fig.  5-').  The  s;iiid  is  then  rauniieil  iibout  the  outside  of  the  pat- 
tern, the  gates  cut  and  the  jNitterii  dncvn.  Tins  leaves  an  ojien 
nionld  as  shown  in  Fig.  oO,  In  jwnring,  the  mcl;d  must  not  Ikj 
rini  diret'lly  into  the  mould.  The  fall  from  the  ladle  would  cnt 
jiway  the  sand.  It  is  thei-efore  [Kini-ed  into  iKisins  and  allowed  to 
flow  into  the  mould  tlirongh  the  gates  a  a  cut  in  the  sand  at  the 
sides. 

Dry  Sand  rioulding  is  frequently  done  in  connection  with  green 
sanil.  It  is  employed  where  a  casting  is  of  a  eoniplieated  design. 
Tlie  method  pursued  is  to  make  a  partial  piittern  with  it  core  print ; 
then  make  a  flask  to  flt  this  print  and  in  it  mould  the  balance  of 
the  jiattern,  using  dry  instead  of  green  sand.  This  mould  is  then 
baked  in  the  same  maimer  iis  an  ordinary  core  which  is  set  in  the 
print  funned  by  the  main  [Nitteni. 

Sometimes  the  whole  mould  is  made  of  dry  eand^  This  is 
frequently  done  in  the  case  of  cylinders  for  steam  eng^es.  Let 
UB  consider  such  an  example.  The  cylinder  to  be  moulded  is 
shorn  in  side  and  end  elevation  in  Fig.  57.    Th9  metliod  td 
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moulding  is  sbowii  in  Fig.  58.  The  actual  moulding  is  \n-y  luuii- 
liir  to  tlint  of  gi-een  sinni  work.  The  pattern  is  made  in  two  parts. 
The  part  including  thi*  slciini  Hiest  is  moulded  in  the  drug.  It 
has  oorf  prints  to  correspond  to  the  cores  «  a.  These  cores  are 
made  ill  a  apijcial  l>ox  which  forms  at  the  samu  time  tlie  fluiigc  uf 
the  stciiin  ciieut.  This  half  of  the  cylinder  puttein  also  Inis  core 
prints  b.  li.  K  for  the  port  coius.  The  pattern  is  moulded  in  the 
ordinary  wiiv  ;  Wml  the  dmg  and  then  the  cope.  The  coits  a  a 
and  those  for  tht^  steam  and  exhaust  ports  are  made  luid  dried  hs 
explained  in  "  Pattern  Making,"  page  JH.  As  the  core  a  a  ha» 
an  overliaiig  which  forms  the  flange  of  tlie  steam  chest  and  aa  timt 
overhang  is  subjected  to  the  upward  pressui-e  of  metal,  it  is  tied 
to  the  main  body  of  the  core  by  double  h«tded  chaplets//.     The 


cores  d  d  and  //,  forming  the  ports  are  also  subjected  to  an  upwaitl 
pressure.  They  are,  therefoiT,  held  down  by  bolts  passing  tlirough 
the  drag  and  plates  on  the  Iwttom.  As  the  cores  d  d  are 
liglit  and  easily  displaced  by  the  flow  of  metid,  they  ai'e  held 
firmly  against  tlic  center  core  by  the  chaplets  e  e.  In  tliis  case  the 
center  core  h  is  carried  out  tlnvDugh  tlie  side  of  the  flask.  This 
assists  in  can-ying  off  tlie  gases  that  are  formed  as  it  is  not  a  solid 
coi-e  but  is  built  it]x)n  a  pipe  iis  will  be  descril>ed  later.  This  pipe 
has  nunieiwus  lioles  so  that  it  forms  a  flue  in  the  center  of  the 
mass  for  tlie  escape  of  gas.  In  making  lai-ge  dry  sand  moulds  of 
this  sort,  the  sand  is  well  vented  before  being  dried.  Sometimes 
short  lengths  of  perforated  pipe  are  built  into  the  sand  to  facilitate 
this  escaj>e.  Tlie  cope  is  rammed  and  set  on  the  dmg  as  in  green 
SBod,  except  that  it  is  dried  before  being  used. 

Shrink  Heads  or  Risers.     Ib  making  large  castings  shrink 
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heads  are  put  on  the  oope.  These  are  in  the  form  of  gates  and 
large  ponriDg  basins.  When  the  mould  is  filled,  the  iron  rises  in 
tliese  basins  and  fornia  a  reserve,  From  this  reserve  metnl  is 
drawn  to  keep  the  mould  filled  as  the  metal  shrinks  away  from  its 
sides  in  cooling.  It  is  necessary  that  tlie  basin  nr  riser  sliall  be 
connected  with  the  main  body  nf  the  casting  by  a  narrow  neck, 
wliich  may  easily  be  broken  away,  without  injmy  to  the  casting. 
As  this  neck  will  solidify  before  the  heavier  parts  in  the  moidd  or 
the  boily  of  metal  in  the  basin  ahove.  feeding  is  necessary.     Feed- 


ing  is  accomplished  by  working  an  iron  rod  ii]i  and  down  through 
the  neck  while  the  metal  is  hardening.  The  methofi  of  doing  tliis 
is  shown  in  Fig.  .'J9.  In  this  figure  a  is  the  riser.  6  the  mould; 
the  rod  ia  worked  up  and  down  in  the  neck  eonnecting  iim  two. 
When  this  is  not  done  the  upper  portion  of  the  casting  is  apt  to 
be  spongy  and  unsound. 

Risers  are  also  used  for  prt»»ure  feeding.  To  accomplish  this 
comparatively  small  gates  for  filling  the  mould  are  used.  These 
g.ites  solidify  as  soon  as  the  mould  is  filled.  The  risers  which  are 
placed  on  the  heavy  portion  of  the  mould  are  then  filled  with 
metal.     These  have  a  head  or  depth  of  metal  considenibly  greater 
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than  that  of  the  original  gate.  By  having  two  such  risers  and 
poui-ing  the  metal  into  them  alternately,  that  in  the  mould  is  kept 
in  circulation  for  the  longest  time  possible. 

Core  for  Cylinder  Jacket.  The  making  and  holding  o£  the 
core  that  forms  the  .steam  jacket  of  a  cylinder  is  an  operation 
requii-ing  great  care.  It  can  be  made  of  loam  or  dry  sand.  It 
must  l)e  made  about  a  cage,  formed  of  rods  and  pipes.  The  jacket 
is  usually  cast  with  one  end  closed  and  four  vent  holes  at  the 
other.     The  diameter  of  the  vent  holes  is  equal  to  the  thickness 
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of  the  core  Ihej  are  spaced  at  equal  distmces  about  the  circle. 
Tlie  cage  nii>  be  made  by  easting  the  lods  and  jtipes  mside  of 
rings  rhe  easiest  method  of  casting  the  rings  is  to  set  the  pipes 
and  rods  in  an  open  sand  mould  and  pour  the  metal  around  them 
as  in  ]■  ig  liO  Reverse  for  the  other  end  The  cage  as  finally 
made  is  ihown  in  Fig  01  1  he  pipes  ire  to  be  perforated  for  the 
escape  of  the  ga-ses.  The  diy  sand  is  built  about  this  cage  cover- 
ing rings,  pipes  and  rods  with  the  exception  of  one  end  of  the 
pipes.  These  project  from  the  core.  The  core,  as  thus  made,  is 
a  hollow  cylinder  whose  diameter  and  length  corresponds  to  that 
of  the  jacket.  ThLs  core  is  held  in  position  by  studs  and  chaplets. 
Fig.  62  shows  tlie  method  of  setting  the  core  which  is  shown  at  A. 
It  is  supported  by  the  chaplets  a  a,  which  are  spaced  at  an  angle 
of  ISO"  around  the  circumference.  Thei-gfoi*  those  supjinrting 
tlie  core  do  not  appear  in  the  section.     The  rear  end  of  the  coi-e  is 


FOUNDRY  WORK. 


Btendied  by  tlie  HtiulB  i  6  J,  -wliicli  piisa  through  th<i  iliy  siukI  of 
tlie  mouhl  and  lire  steadied  by  the  wedgeB.  The  miper  and  lower 
wedges  Hi-e  reached  l>y  pockets  left  in  the  iiioiiM.  The  center  one 
can  be  i-eiiehed  at  the  iwrting.  At  the  other  end  tlie  pijies  are 
proteeteil   by  the  cores  (t  d  d.     These  cores  also  make  the  holes 


Fig.  dS. 

in  the  jacket  end  through  which  it  is  cleaned.  The  end  faee  of 
the  jacket  mould  is  formed  hy  the  core  e.  This  cnrr  is  niitde  in 
seetiona  so  timt  it  can  he  placed  almiit  the  rods  when  the  coi-e  is 
in  position  and  held  hy  the  studs.  The  method  of  cutting  these 
sections  is  shown  in  Fig.  63.  The  mould  is  now  ready  for  pour^ 
ing.  When  the  metal  is  cooled  the  cage  of 
the  jacket  core  will  remain  inside  tlie  cast- 
ing. It  is  i-eniovedby  inseHing  a  cold  chisel  i 
through  the  vent  holes,  brt-aking  the  rings/ 
into  Humll  pieces  and  withdrawing  thenir 
through  the  holes.  The  rods  are  buried  i 
the  sand  of  the  cure  which  must,  of  coursf 
be  removed  before  any  of  tlie  iron  work  can 
be  taken  out.  '■''e-  "3. 

rioulding  Square  Columns.  Srjuare  columns  used  in  struct- 
tiral  work  are  now  common  products  of  most  foundries.  They  are 
invariably  hollow.  The  exterior  is  usually  plain  though  sometimes 
ornamented  with  simple  devices,  such  as  panels.  The  cores  may 
be  a  combination  of  dry  and  green  sand  or  dry  sanfl  alnne  accord- 
ing to  the  cliHiTicter  of  the  work.  They  aif  of  the  loinhination 
type  when  there  are  holes  throngji  the  side,  where  Ihi-  green 
Band  may  be  supported.     They  are  of  dry  sand  when  the  sides  < 
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Fig.  64. 


the  casting  are  solid  aiid  the  core  can  be  supported  at  the  ends 
only.  The  first  type  of  column  is  shown  in  Fig.  65,  and  the  sec- 
ond in  Fig.  64.  Where  there  are  holes  as  shown  in  Fig.  Go,  the 
core  is  rammed  in  position.  The  pattern  may  consist  of  a  hollow 
sqnare  box  of  any  convenient  length,  provided  only  that  it  is 
longer  than  the  column  to  be  luade.     The  flanges  may  be  fastened 

to   the    pattern   at   the 

points  which   limit   the 

length  of    i\m   casting. 

These  ilanges  should  be 

thick  enough  to  provide 

both  for   the    thickness 

-  ^ .  ^^^  of  the  metal  in  the  cast- 

VJ     ^^^^  ing  and  the  core  prints. 

\  First  ram  and  level  the 

^  bed  on  which  to  lay  the 

pattern.  Then  put  on 
the  dnig,  which  is  formed  of  loose  sides  and  ends,  held  by  cross 
l)ai>4.  It  must  be  long  enough  to  hold  the  casting,  but  may  j^r- 
mit  the  pattern  to  project  through  the  ends.  Ram  the  side^ 
between  the  pattern  and 
drag.  T.hen  set  on  the 
cope  and  ram  that.  For 
convenience  of  adjust- 
ment the  cojic  had  best 
be  hinged  to  the  drag. 
Turn  back  the  coix;  and 
draw  the  pattern.  Now 
place  '^  false  "  side  pieces 
in  the  mould.  These 
are  merely  boards  with 
drawing  strips  let  into  them  and  reaching  to  the  top  of  the 
core.  Their  thickness  is  equal  to  that  of  the  casting.  Now  place 
the  false  core  bottom  in  the  mould.  This  consists  of  a  set  of  rec- 
tangular dry  sand  cores  with  projections  on  the  under  sides  corr*^ 
sponding  to  the  holes  a  a  in  the  side  of  the  casting.  Next  set  the 
core  bar  in  position.  This  is  best  made  of  a  light  I  beam  with 
boles  drilled  through  the  web.     It  should  occupy  the  position  in 


Fig.  65. 
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the  mould  as  shown  in  Fig.  6ti.     Tlie  1  beam  extends  beyond  the 

limits  of  the  cope  and  is  held  down  by  driving  wedges  between  tlie 

top  flange  and  the  end  bars  of  the  cope.     Before  this  is  done  the 

core  is  rammed  with  green  sand.     Tlic  vent  wii-es  a  a  a  a  are  laid 

in.     If  the  core  is  milch  wider  than  tlie  flanges  of  the  I  beams, 

bars  h  h  ai-e  put  through  the  holes  in  the  web  to  hold  down  the 

Siind.     When  the  core  IiaH  been  rammed  it  is  swept  and  slcelced 

down  flush  with  the  top  of  the  false  side  pieces  which  rise  to  the 

points  c  e  as  indicated 

by  the   dottcil   iines. 

When  this  is  done  thf 

false   side  pieces  arc 

withdrawn,   the  cuije 

loweretl    to    |)OHition 

and      the       1       Ih^jiiii 

wedged      down       aw 

directed.     The  inetid, 

when    [xiiired,    meets  ^'s  ^ 

■A  core  of  dry  siuid  it  at  the.  Ixilloni  uf  the  mould  with  green  sand 

above. 

When  the  fonr  sides  of  the  Ciisting  arc  to  be  solid  as  shown  in 
F'ig.  (j4  dry  sand  or  loam  cores  are  ordinarily  used.  These  arc 
made  over  hollow  iron  cores  which  arc  coated  with  dry  sand  or 
loam.  The  iron  cores  are  perforated  with  a  lai^  nmnber  of 
holes,  wliich  permit  the  gases  formed  to  escape  through  the 
interior. 

riouldjng  Round  Columns.  Kound  columns  are  usually 
moulded  from  a  split  pattern  which  is  constructed  as  described  in 
<onnection  with  Fig.  Gli  of  "  Pattem  Making."  The  pattern  is  made 
of  the  maximum  length  of  column  to  be  «mt.  Loose  flanges  are 
useil  to  limit  the  length  of  the  pattern.  The  cope  and  drag 
have  semi-circular  holes  or  spaces  cut  out  of  their  respective  con- 
necting edges  to  allow  the  excess  lengtli  of  pattern  to  project 
l>eyond  them.  As  round  columns  are  almost  always  solid  in  the 
shell,  dry  sand  or  loam  cores  are  used.  These  cores  are  built  about 
a  perforated  iron  pipe  which  serves  to  cany  off  the  gases. 

Qear  Moulding  may  be  done  from  either  full  or  partial  pat- 
terns.    When  done  mth  full  patterns,  the  work  is  identical  with 
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that  of  the  simpler  eastings  that  have  been  so  fully  described. 
They  are  laid  on  the  moulding  board  and  the  drag  and  cope 
rammed  in  the  regular  sequence. 

Qear  flouldins:  with  Partial  Patterns.  Owing  to  the  great 
expense  attendant  upon  the  making  of  large  gear  patterns,  such 
work  is  usually  done  with  sectional  or  partial  patterns.  These 
usually  consist  of  a  section  of  the  rim  to  which  a  limited  number 
of  teeth  are  attciched.  This  pattern  is  placed  in  sui^cessive  posi- 
tions about  the  mould  and  the  teeth  rammed  sepai-ately.  It  is 
held  by  a  spindle  set  and  held  vertically  at  the  center  of  the  mould. 


FiK.  fi7. 


This  spindle  is  turned  to  any  convenient  diameter  and  is  provided 
with  two  sleeves  that  slide  freely  over  it  and  to  which  the  pattern 
is  attached.  For  moulding  a  spur  gear  the  pattern  should  have 
three  or  more  teeth  whose  length  is  equal  to  those  of  the  casting. 
The  spindle  is  set  in  a  step  as  shown  at  a,  Fig.  G7.  This  step  must 
be  of  sufficient  length  to  hold  the  spindle  in  a  vertica^  position. 
The  length  depends  upon  the  overhang  of  the  arm  J.  The  arm 
consists  of  a  board  bolted  to  one  of  the  sleeves  fitting  over  the 
spindle  and  braced  to  the  other.  The  step  is  set  in  the  sand  of 
the  floor  and  is  held  by  nidial  arms.  It  must  be  sunk  to  a  depth 
of  from  G  to  1 2  inches  more  tlinn  the  length  (»f  the  tooth.  This 
depth  is  dependent  upon  the  weight  of  tlie  gear  to  l>e  moulded. 
The  sand  is  then  i*ammed  into  a  hard  bed  and  the  floor  swept  o3 
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level  with  tlie  sweep  m*  slmwn  in  Fig.  07.  Next  remove  the 
Bwee])  anil  slip  a  Wiwht-r  over  the  spindle.  This  washer  must  he 
of  the  same  diameter  as  the  hiif)  ami  of  a  thickness  equal  to  the 
projection  of  the  hitter  beyond  the  rim.  Set  the  cope  in  jiosition 
and  stake  it  to  tlie  Door.  These  Ktakes  are  to  l»e  so  driven  that 
they  will  serve  a«  guides  by  which  the  co|ie  may  a^a-in  !>*■  lowered 
to  exactly  the  aame  position  after  the  mould  is  completed.  After 
the  cope  ht\A  been  removed,  dig  a  hole  about  the  spindle  and  imlied 
the  washer  in  the  sand  again  to  the  proper  depth  in  order  to  form 
the  other  end  of  the  hub.  This  adjustment  may  Wst  be  made  by- 
marking  the  spindle  when  the  washer  is  in  the  first  {msition,  and 
making  the  second  setting  by  measurement  Tlie  bottom  bed  is 
now  swept.  This  is  done  by  lowering  the  sweep  so  that  iu  bottom 
comes  against  the  upper  face  of  the  washer.  This  floor  is  swept 
so  that  it  extends  several  inches  Iwyond  the  outer  ends  of  the 
teeth.  The  sectional  pattern  is  now  attached  to  the  spindle.  This 
is  accomplished  by  having  a  frame  which,  when  slipped  over  the 
spindle  will  set  the  teeth  at  the  proper  diatiuice  from  the  center. 
Tlie  pattern  should  lie  set  and  gently  pressed  down  upon  the  bed 
so  as  to  form  a  faint  imprint  in  the  same.  Then  raise  and  .nving 
it  around  until  the  tooth  at  one  end  of  the  seirment  exactly  enr- 
respoiida  and  tits  into  the  print  made  by  the  tooth  at  the  other 
end.  Press  it  down  upon  the  bed  again  and  make  another  set  of 
marks.  Repeat  the  process  until  the  entire  circle  has  l»een  com- 
pleted. The  teetli  should  exactly  correspoml  and  be  of  the  same 
pitcli  without  a  break.  If  they  join  accurately  at  the  end  of  the 
cii-ele  the  pattern  is  in  correct  adjustment.  If  they  do  not,  an 
error  has  lieen  made  and  the  work  must  he  done  again  until  the 
prints  are  uniform.  When  this  is  done  the  ramming  may  Itegin. 
Set  the  [mttem  in  the  prints  that  have  Iwen  made  and  mm 
the  sand  about  the  outride,  lioanls  may  lie  ti^mjiomrily  set  in  the 
sand  to  protect  the  ends. .  When  the  section  has  l>een  raramecl 
draw  the  pattern  by  raisuig  it  wita  its  attachment  t«  the  spindle 
and  set  it  again  in  the  prints  l»eyond.  Allow  the  rear  tootii  of  the 
jmtteni  to  i-est  in  the  mould  aliTiiHy  madi-  about  the  tooth  previ- 
ously in  front,  Uepeat  the  process  until  all  of  the  teeth  of  the 
circle  have  l>een  made.  Remove  the  pattern,  and  dress  the  Band 
fornnng  the  t«eth. 
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The  iii-nis  of  such  gears  nrc  iisiLiilly  made  with  dry  sand  cnres. 
The  pattern  to  which  tho  l*-eth  are  jittached  shoukl  have  a  length 
tliat  will  i-each  from  one  core  to  another  whetlu'r  the  teeth  do  or 
nut.  Raise  the  sweep  and  set  the  cores  in  jtosition  as  shown  ia 
I'ig.  >.<S.     Set  tin-  |>att.ei-n  wltieh   lias  tlie  section  of  rim,  eo  as  to 


make  i  ronneofum  fiom  tht  outer  end  of  one  con  to  the  next. 
Itam  th(  bftud  in  between  the  pattern  and  the  cores  and  sweep  tha 
former  level  with  the  top  of  the  lattei  '^Itik  this  surface  off  and 
finish  Then  withdraw  the  pattern  and  shift  to  the  next  section, 
and  so  tontiniie  until  the  mould  is  (ompUted  The  drv  landcoreg 
for  the  irms  arc  made  ni  boxes  and  baked  is  Blre'id\  desnnbed. 
Now  withdraw  thf     )nndlc    ind  washer  ind  ]Huk  tin  ImJ     left  by 
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the  former  witli  grt-eii  aaiid  up  to  a  point  where  it  is  convenient  to 
form  a  rt'st  for  tin-  center  core.  Set  this  core,  and  the  tnoulil  is 
ready  tov  tliv  cliifiing  of  the  copf. 

nouldins  Pulleys.  As  ah-eady  stated  in  "  Pattern  Making  " 
on  page  42,  pulley  patterns  in  a  complete  state  are  rarely  used. 
Iiist4>ad  a  ring,  a  pattern  for  llie  .spokea,  and  loose  hula  arc  used 
for  making  all  widths  of  face  for  a  given  dianietiT.  The  ring  is  of 
cast  iron  turned  smooth.  It  has  boles  drilled  near  the  edges  in 
whii-h  lifting  hooks  may  be  placed  for  drawing.  If  one-half  the 
face  of  the  pulley  is  to  be  less  than  the  total  width  of  the  ring  the 
latter  is  first  set  on  tlie  mouIdLng  board  an  for  ordinary  patterns. 


W^ 


Fig.  69. 

This  is  illustrated  in  Fig.  69  where  the  dotted  line  a  b  represents 
the  face  of  the  moulding  board.  The  amount  by  which  the  total 
width  of  the  pattern  exceeds  the  lialf  width  of  the  pitHey  face  is 
represented  by  the  distance  between  the  dotted  line  a  b  and  the 
full  line  A  It.  The  line  A  B  will  be  the  parting  line  between  cope 
and  drag.  The  drag  is  raised  from  the  moulding  board  by  a  frame 
or  wedges  of  this  width.  Ram  some  sand  in  the  bottom  and  lay 
in  the  pattern  for  the  spokes.  This  pattern  is  usually  sohd.  It 
must  be  imbedded  in  the  sand  on  the  moulding  board  so  that  its 
center  is  exactly  in  line  with  the  parting  line  A  B .  The  hub  with 
the  core  print  is  then  put  on  and  the  sand  of  the  drag  rammed  as 
in  the  case  of  any  ordinary  pattern.  When  the  drag  is  turned  the 
sand  is  cut  away  to  the  parting  line.     The  surface  of  the  parting 
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line  is  then  sleeked  oflf.  This  leaves  the  ring  projecting  above  the 
surface  of  the  parting  line  by  tlie  distance  c  /t  as  shown  by  the 
hatched  section  of  the  pattern  at  the  left  of  Fig.  69.  The  lifting 
hooks  are  then  inserted  in  the  ring  and  it  is  drawn  out  of  the  sand 
of  the  drag  until  it  occupies  the  position  «/  as  shown  by  the 
hatched  section  on  the  right  of  Fig.  69.  The  friction  of  the  sand 
is  depended  upon  to  hold  up  the  ring.  If  the  depth/ ^  is  insuffi- 
cient to  do  this,  the  ring  is  not  drawn  to  tlie  full  height  at  fii-st. 
After  raising  the  ring  the  cope  is  [)ut  in  position  and  rammed  as 
usual.  Great  care  must  be  tiiken  that  the  rammer  does  not  strike 
the  ring.     Before  ramming,  the  top  section  of  the  liub  is  put  on. 

If  the  ring  is  not  drawn  to  its  full  height  at  e  for  the  first 
ramming  of  the  cope,  the  sand  of  the  hitter  is  rammed  about  it, 
and  the  pattern  i-aised  again.  The  ring  is  sometimes  moved  four 
or  five  times  before  the  full  width  of  the  face  is  made.  After 
ramming  in  this  way,  the  cope  is  lifted  oflf  and  the  ring  usually 
comes  with  it  in  the  sand.  The  cope  is  turned  for  finishing  and 
the  ring  withdrawn.  The  hub  and  spoke  patterns  are  removed  in 
the  ordinary  manner.     The  mould  is  usually  filled  from  the  hub. 

In  case  the  width  of  the  ring  is  less  than  half  the  width  of 
the  pulley  face,  the  ring  is  drawn  up  in  the  lamming  of  the  drag 
in  the  same  manner  jis  already  described  for  the  cope.  When  the 
drag  is  turned,  it  is  drawn  in  the  op|)osite  direction  as  stated. 

When  the  width  of  the  ring  is  greater  than  the  total  width 
of  the  pulley  face  there  Ih  more  difficulty.  The  mode  of  procedure 
for  the  ramming  of  the  drag  is  the  same  as  in  the  fii-st  instance. 
In  ramming  the  cope,  it  is  placed  on  and  ninnned  nearly  to  the  top 
of  the  ring.  The  sand  is  then  cut  away  to  such  a  level  that  the 
ring  is  just  embedded  in  cope  and  drag  by  the  width  of  the  pulley 
face.  The  ring  is  then  drawn  out  of  the  sand.  The  annular  hole 
thus  left  in  tlie  sand  of  the  cope  is  ct)vered  by  a  series  of  flat  dry 
sand  cores.  When  these  are  set  the  ramming  of  the  cope  is  con- 
tinued. After  this  has  been  done  the  cope  is  lifted  and  the  spoke 
and  hub  patterns  removed. 

Spur  gears  with  different  lengths  of  teeth  may  be  moulded  in 
this  same  way  from  but  one  pattern  hy  a  partial  withdrawal  of 
the  pattern  and  successive  ramming. 
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rioulding  Wheels.  The  moulding  of  fl^'-wheels  may  be  done 
either  with  or  without  patterns.  In  case  a  pattern  is  used  the 
work  is  done  as  ji heady  indicated  for  ordinary  work.  Where  no 
pattern  is  used  tlie  sweep  again  comes  into  play.  In  this  case, 
however,  the  outside  face  of  the  mould  as  well  as  the  l)ed  is  swept. 
This  leaves  a  cylindrical  pit  with  a  diameter  equal  to  that  of  the 
Nvheel  to  be  made  and  a  depth  equal  to  the  face  of  the  rim.  The 
cores  for  the  spokes  are  placed  exactly  as  already  described  for 
gear  wheels. 

Large  wheels  are  usually  made  in  sections.  This  is  done  to 
avoid  the  dangei-s  of  internal  stresses  and  the  resultant  cracking 
due  to  cooling.  These  sections  may  be  cast  from  a  pittern  or 
swept  Jis  desired. 

Broad  faced  pulleys  of  large  diameter  are  also  usually  swept, 
la  every  instance  the  work  may  l)e  done  as  already  descril)ed  for 
ily- wheels  aud  geare. 

Pipes  are  usually  moulded  on  the  side*  with  a  dry  sand  core 
jxs  already  dascribed  for  columns.  It  is  customary,  however,  in 
many  foundries  to  turn  the  mould  on  end  for  pouring.  When  this 
is  done  a  riser  is  located  at  the  upper  end  into  which  the  impuri- 
ties of  the  iron  and  the  washings  from  the  core  may  rise  as  a  s(^um. 
This  insures  a  sounder  casting  tlian  when  cast  on  its  side.  All 
ciust  iron  pi[)es  that  are  to  be  subjected  to  an  internal  or  external 
pressure  should  be" cast  on  end. 

Chilled  Castins^s  is  a  name  applied  to  a  class  of  casting 
wherein  the  metal  has  been  suddenly  cooled  or  chilled  immediately 
upon  pouring.  The  means  usually  adopted  for  chilling  castings  is 
to  pour  the  metal  against  a  piece  of  iron  that  forms  a  part  of  the 
mould.  The  effect  of  this  sudden  chilling  is  to  produce  great 
hardness  on  the  face  of  the  casting.  The  most  common  example 
of  chilled  castings  is  the  cast  iron  car  wheels  that  are  used  on  all 
American  railways.  In  this  case  the  tread  and  flange  are  chilled. 
The  chill  is  that  portion  of  the  mould  which  is  made  of  iron 
against  which  the  hot  metal  strikes.  Chills  for  car  wheels  are 
made  in  several  ways.  The  original  form  was  a  plain  smooth  ring 
that  was  turned  to  the  contour  of  the  ti'ead  and  face  of  the  flange. 
This  ring  was  about  3  inches  thick,  in  order  that  it  might  not 
itself  l)ecome  over  heated.     Of  recent  years  the  contracting  chills 


a.i*  used.  Tlie»e  mi-  of  varioiis  foi'iiifi.  One  is  shown  in  Fig,  70. 
In  this  the  chilling  face  a  is  divided  into  h  large  number  of  seg. 
ments  whit-li  nre  attached  to  the  main  ring  h  hy  narrow  neclut. 
The  object  of  the  contracting  chill  w  to  keep  the  metwl  of  the 
chill  and  thr  caHtinif  in  contact  until  the  latter  hiw  coolwl. 

The  molt^'ii  metal  hejits  and  expamls  the  common  chill  and  at 
the  Kame  time  tlie  fooling  casting  contracts  or  becomes  smaller. 
The  i-esidt  is  that  the  time  of  actual  contsict  is  very  brief  and  tlie   , 
cjLNting  is  likely  to  liecome  imperfect  in  shape  when  cold,     With'J 
the   contracting   i-hill    the    face    a    with   its  neck   is   heated  aiut| 


expanded  by  the  molten  metal.  It  iw  faKtened  at  its  outer  end  to  I 
the  heavy  solid  ring  6,  wliicli  is  too  far  away  from  the  molt^nll 
metal  to  become  heated.  As  a  i-esalt  the  face  and  neck  are-l 
pushed  toward  the  center  by  their  expansion  and  the  diameter  ori 
the  chill  is  lessened.  This  type  of  chill,  therefore,  follows  the  J 
shrinking  casting  and  remains  in  contact  with  it  until  it  l<  cold.  I 
Other  types  of  contrsicting  chills  ai-e  simply  [iliiiii  rings  of  thftj 
original  form,  which  have  a  stream  of  cold  w;iter  circulatedj 
through  tliem  after  the  metal  has  been  poured.  Some  of  thee 
are    plain    rings,    in    othera    the    contracting    necks    are    aa   inl 

I  Fig.    70,   with    the  outer  ring  6,   through   which   the    water 

K  circulated. 
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The  moulding  of  castings  that  are  to  be  chilled  is  done  in 
the  same  manner  as  ordinary  castings.  The  chill  is  either  set  in 
position  like  a  core  or  forms  a  part  of  the  flask  as  in  the  case  of  a 
car  wheel  chill. 

Chilled  castings  should  be  annealed  l)efore  using.  The 
sudden  cooling  of  one  part  sets  up  internal  stresses  that  will  result 
in  fracture  unless  relieved  by  annealing.  The  usual  method  of 
annealing  car  wheels  is  to  remove  the  casting  from  the  mould 
while  it  is  still  red  hot.  It  is  placed  in  a  pit  7  or  8  feet  deep  and 
having  a  diameter  a  little  larger  than  its  own,  with  enough  others 
to  fill  it.  Tliey  are  covered  and  then  buried  in  ashes.  Thus  pro- 
tected the  wheels  cool  very  slowly.  The  internal  stresses  are 
relieved  because  of  the  shape  which  the  metal  takes.  This  anneal- 
ing usually  tiikes  about  one  week. 

The  depth  of  the  chill,  or  th(»  thickness  of  the  exceedingly 
liard  metal  varies  from  -^^^  to  -^  incli.  It  depends  upon  the 
character  of  the  metal  used,  the  heat  at  which  it  is  poured,  and 
the  rapidity  witli  wliich  it  is  cooled.  In  car  wheels  the  depth  of 
the  chill  is  about  i|  inch. 

All  irons  are  not  suitable  for  the  making  of  chilled  castings. 
No.  1  find  No.  2  iron  that  are  rich,  or  comparatively  so,  in  uncom- 
bined  or  gi-.iphitic  carbon  do  not  chill  readily.  The  best  chilled 
car  wheels  are  made  from  the  irons  containing  combined  carbon. 
Salsbury  and  Lake  Superior  pig  has,  until  recent  yeai^s,  been  most 
(extensively  used  for  car  wheel  making.  As  these  irons,  especially 
when  made  in  a  charcoal  furnace,  are  expensive,  they  are  being 
supplanted  by  cheaper  mixtures. 

Loam.  The  composition  and  mixing  of  loam  has  already 
l)een  described.  Loam  cores  made  over  a  perforated  barrel  or  pipe 
h"ve  also  been  alluded  to. 

Loath  Cores.  Where  the  core  is  long  and  can  best  be  sup- 
IX)rted  at  the  ends  only,  loam  cores  are  frequently  used.  They 
are  also  used  where  the  core  would  be  very  large  and  heavy  if 
made  of  dry  sand.  The  advantages  possessed  by  loam  cores  are 
that  they  are  lighter,  more  cheaply  made  and  offer  better  facilities 
for  the  escajM*  of  the  gases  than  do  the  solid  cores  of  drj"  isand. 
The  method  of  making  loam  cores  is  very  simple.  A  piece  of  pipe 
about  three  inches  smaller  in  diameter  than  the  outside  diameter 
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of  the  core  is  selected  to  form  the  center.  This  pipe  is  perforated 
by  a  large  number  of  holes.  If  the  pipe  is  more  than  three  or  four 
inches  in  diameter,  centers  or  trunnions  are  placed  in  the  ends  to 
serve  as  bearings.  This  pipe  is  then  arranged  to  revolve  freely  as 
shown  in  Fig.  71.  A  crank  handle  is  attached  to  the  pipe  by 
which  it  is  turned.  The  pipe  is  finst  wound  with  hay  rope  having 
a  diameter  of  from  |  to  1  inch.  Where  only  a  small  amount  of 
hay  rope  is  used  it  is  either  bought  ready-made  or  is  twisted  by 
hand.  In  foundries  where  large  quantities  are  used  the  rope  is 
made  in  machines  built  especially  for  the  purpose.  The  rope 
should  be  made  of  long  wisps  and  tightly  twisted.     It  is  laid  on 
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Fig.  71. 
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the  pipe  by  fastening  with  a  wire  at  one  end  and  winding  tightly 

to  the  other  end  where  it  is  fastened  in  a  similar  manner.     After 

« 

the  rope  has  been  wound  on  and  secured  in  position  the  loam  is 
applied.  This  is  done  by  means  of  an  adjustable  board  A  Fig.  71. 
The  beveled  edge  of  this  board  is  set  so  that  its  distance  from  the 
center  of  the  pipe  is  exactly  equal  to  the  radius  of  the  core  that  is 
to  be  formed.  The  loam  is  then  shoveled  upon  the  board  A  and  the 
pipe  turned  in  the  same  direction  as  when  the  rope  was  being  wound. 
The  first  coat  of  loam  used  should  contain  a  considerable  proportion 
of  clay.  This  will  make  it  tough  and  adhesive.  The  first  coat  must 
be  well  rubbed  in  and  worked  into  all  of  the  uneven  places  and 
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cavitie«.  If  thia  is  not  done  the  casting  will  be  rough  and  lumpy. 
This  wcirk  ia  done  by  hand  as  the  barrel  is  being  slowly  turned. 
Too  much  care  cannot  be  taken  in  this  portion  of  the  work. 
After  the  rope  has  been  covered  and  the  loam  pressed  into  it  as 
firmly  as  possible,  take  a  small  iron  bar,  |  or  ^  inch  in  diameter 
iind  press  against  the  joints  between  tlie  ropes,  turning  the  barrel 
and  working  from  end  to  end.  When  this  is  done,  work  in  more 
loam  and  then  press  the  whole  down  (irmly  with  a  block  of  wood 
\vhile  the  pijje  is  lieing  slowly  turned.  The  second  coat  of  loam 
which  should  be  of  such  thickness  us  to  leave  altout  g  inch  for  the 
linishing  coat  is  then  put  on.  The  heuond  coat  should  be  made 
\ery  stiff,  Unless  this  is  done  it  will  bag  and  make  an  uneven 
core.  Sometimes  it  is  advisable  to  so  adjust  the  sweep  board  A 
that  a  smooth  surface  is  given  to  the  second  coat.  Tliis  facilitates 
the  laying  of  the  finishing  coat.  The  barrel  is  usually  placed  in 
the  oven  and  baked  before  the  finishing  coat  is  applied. 

Whilt!  it  is  still  hot  it  should  be  removed  from  the  oven  and 
rubl>ed  down.  This  in  done  hy  setting  it  in  its  bearings  and  press- 
ing a  brick  against  it,  while  it  is  being  tui-ned.  This  bi'eaka  the 
skin,  i-oughens  the  surface  and  removes  the  smoke  black. 

The  finishing  coat  should  be  put  through  a  sieve  of  eight 
meshes  to  the  inch  and  thorouglUy  mixed.  Put  enough  on  the 
sweep  boai-d  A  to  finish  the  core.  Before  making  an  application 
of  the  loam,  brush  off  the  prepared  surface  and  moisten  slightly. 
When  this  has  been  done,  let  the  barrel  be  turned  slowly,  and 
apply  the  loam  with  the  hands.  After  one  revolution  make  the 
loam  thinner.  The  more  rapidly  the  core  is  finished  the  better 
will  be  the  results.  Two  i^evolntions  of  the  barrel  is  better  than 
a  greater  nnniber.  Wlien  the  core  has  been  built  to  size,  move 
the  loam  back  from  the  edge  of  the  board  A  and  then  withdraw 
the  board  while  the  barrel  is  still  in  motion. 

Rough  places  and  lumps  should  be  smoothed  with  a  block  of 
wood  and  n«t  with  a  troweL  If  the  core  is  of  large  diameter,  it 
should  be  turned  until  the  loam  has  set  in  order  to  avoid  a  tend- 
ency to  bag.  The  thickness  of  the  loam  to  \ie  put  over  the  rope 
depends  upon  the  tliickness  of  the  casting  to  he  made  around  it. 
Castings  '2  inches  thick  will  need  about  1  inch  of  loam.  In  such 
cases  the  pipe  should  be  4  inches  smaller  in  diameter  than  the 
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finished  corc\  As  soon  as  the  surface  of  the  mould  has  become 
hard  enough  to  absorb  the  blacking  it  should  be  applied .  The  best 
condition  of  mould  or  core  for  blacking  is  when  it  is  just  damp 
enough  to  soak  up  the  material,  and  be  ready  for  sleeking  in  five 
or  six  minutes  thereafter.  In  sleeking  a  loam  mould,  press  on 
gently  with  the  tools.  Too  great  a  pressure  closes  the  pores  and 
tends  to  start  the  blacking  from  the  surface  of  the  mould.  The 
less  the  sleeking  the  better.  Rough  places  or  marks  left  by  sleek- 
ing can  be  smoothed  by  going  over  the  surface  witli  thin  blackincf 
iipplied  with  a  camel's  hair  brush.  After  blacking,  the  core  is 
again  dried  in  the  oven,  when  it  will  be  ready  for  use. 

The  object  of  using  hay  rope  about  the  pipe  is  two-fold :  it 
serves  as  a  convenient  binder  for  the  loam,  and  by  burning  or  dis- 
integrating under  the  influence  of  heat,  the  pipe  is  loosened  and 
easily  withdi-awn  from  the  casting.  If  the  loam  is  too  thin,  the 
rope  will  be  entirely  burned  away.  When  this  occui-s,  the  loam 
is  crushed  in  and  the  iron,  in  contracting,  is  apt  to  so  pinch  the 
pipe  that  it  can  only  be  removed  with  difficulty. 

Loam  Moulds  may  be  made  without  any  patterns,  with 
partial  patterns  and  with  complete  patterns.  The  first  is  only 
used  where  the  casting  is  of  tlie  simplest  form.  The  second  is  the 
common  method  of  making  loam  moulds.  The  third  Js  seldom 
used,  since  a  complete  pattern  makes  it  possible  to  mould  in  green 
or  dry  sand,  which  is  cheaper  than  the  use  of  loam.  Loam  moulds 
are  usually  built  of  bricks  over  which  a  coating  of  loam  is  spread. 
The  loam,  that  is  spread  on  brick  work,  is  of  the  same  character  as 
that  already  described  for  loam  cores.  It  is  applied  and  treated 
in  practically  the  same  manner.  Loam  moulds  are  usually  employed 
where  the  casting  is  large ;  where  only  one  of  a  kind  is  to  be 
made,  and  where  it  would  be  expensive  to  provide  a  pattern. 
They  are  also  used  in  emergencies  where  the  casting  can  be  made 
in  loam  more  quickly  than  a  pattern  for  dry  or  green  sand  mould- 
ing could  be  put  together.  The  most  frequent  application  of  loam 
moulding  is  to  be  found  in  the  making  of  large  cylindei-s  for  steam 
engines. 

Simple  Cylinders.  In  the  moulding  of  a"  simple  cylinder 
Kke  that  shown  in  Fig.  72,  the  casting  is  made  with  a  shrink-head 
afl  shown  by  the  dotted  lines  at  a.     This  is  to  receive  the  dirt  and 
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washings  from  the  mould.  Loam  moulds  jrield  a  greater  amount 
of  such  impurities  than  dry  or  green  sand.  They  rise  to  the  top 
and  the  shrink-head  is  cut  off  from  the  finished  casting,  leaving 
sound  and  solid  metal  beneath.  This  form  of  cylinder  with  inter- 
nal flanges  Ls  a  common  and  simple  job.  The  mould  is  formed  of 
two  parts  ;  the  core  and  the  cope ;  each  is  swept  on  the  same 
principle  as  the  loam  cores.  It  is  first  necessary  to  obtain 
a  strong  circular  plate  upon  which  the  whole  structure  is  to 
be  built.  This  plate  for  a  cylinder  40  inches  in  diameter  and  60 
inches  long  should  be  at. least  2 
inches  thick.  It  should  not  l)e 
less  than  60  inches  in  diameter 
and  be  provided  with  4  project- 
ing lugs  to  which  the  hoisting 
tackle  may  be  attached.  It  is 
first  placed  upon  a  solid  block- 
ing and  lev^eled.  Through  the 
hole  in  the  center  a  spindle 
is  run,  similar  to  that  shown 
in  Fig.  07.  This  spindle  should 
\ye  held  at  the  top  jis  well  as  the 
bottom,  and  rise  at  least  2  feet 
alx)ve  what  is  to  be  the  top  of 
the  mould.  It  will  then  clear 
the  cap  and  hoisting  bar. 

Fig.  73  shows  a  section  of  a 
loam  mould  constructed  for  the 
casting  of  a  cylinder  like  that  of  Fig.  72.  The  spindle  a  is  shown 
with  its  step  1*.  The  base  ring  c  supports  the  whole  mould.  The 
first  thing  to  be  done  is  to  cast  the  base  ring  e^  the  cope  ring  (/, 
the  core  ring  r  and  the  cap  ring/.  All  of  these  rings  may  be 
made  in  0{)en  sand  moulds.  As  already  noted,  the  base  ring  c 
must  be  large  enough  and  heavy  enough  to  carry  the  whole  weight 
of  the  mould,  when  slings  are  attached  to  its  lugs  gg.  The 
cope  ring  d  must  be  of  the  same  outside  diameter  as  the  base 
ring.  Its  inside  diameter,  however,  should  be  about  2  inches 
larger  than  that  of  the  finished  cylinder.  It  must  be  strong 
enough  to  carry  the  cope.     Lugs  are  also  cast  on  the  outer  edgo 
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by  which  the  cope  may  be  lifted.  The  core  ring  e  is  mmpler  and 
may  be  lighter.  It  htiB  to  carry  the  overhang  of  the  core.  The 
cap-plate  or  ring/ia  cast  with  bars  pi-ojectingdown\varil  from  the 
under  side.  Thejje  serve  the  same  purpose  as  the  bars  of  an 
ordinary  cope. 

I,(«ira  nioidds  of  the  character  alwiit  to  he  descriljed  are  built 
up  of  common  red  brick.     They  are  set  in  a  mortar  composed  of 


mud  ninde  from  the  scrapings  nf  the  foundry  floor,  and  are  smeared 
nn  the  mould  side  witli  loam. 

The  first  thing  to  be  done  in  the  case  under  consideration  is 
to  set  the  liiiBe  plate  firmly  on  the  floor  or  blocks  and  central  with 
the  spindle.     On  this  lay  a  ring  formed  of  two  courees  of  bricks. 
Set   them    as   closely   together  as  possible   and   hiive   the  spaces  ' 
.  between  them  well  filled  with  llie  murUir.     The  first  sweep  to  be 
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fastened  to  the  spliKll*:  may  be  a  plain  board  like  that  of  Fig.  tlT. 
The  outer  edge  c  Fig.  67^mngs  on  a  radius  equal  to  that  of  tbc 
cylinder  to  he  made.  Over  the  first  layer  of  brick  spread  a  layer  of 
loam  about  \  inch  thick  nt  tlie  outer  side.  Sleek  thtu  off  and  finish. 
Before  pnx-eeding  it  must  be  dried.  This  may  l»e  done  hy  liaiig- 
ing  a  charcoal  (ire  in  a  biisket  over  it.  On  tliis  lay  the  core  plate  d 
Fig.  1-\.  The  bricks  should  bo  carefully  laid  and  stand  oiT  about  an 
inch  from  the  outer  end  of  the  sweep.  After  tlie  bricks  arc  laid 
the  loam  i^  to  be  rublted  on  and  swept  olT  to  the  proper  iiidiuH  with 
the  board.  This  finit  coating  of  loam  will  have  to  Ih)  partially 
dried  hy  hanging  a  charcoal  fire  in  front  of  it.  The  Qnishing  coat 
or  tkinning  loam  is  then  applied.  Skinning  loam  is  tlio  ordinary 
loam  thinned  with  water.  After  the  cope  has  Ijeen  built  up  to 
the  parting  line  A  B  and  jiartially  dried  it  is  ready  for  the  blacking. 
Flat  brushes  should  always  Iw  used  for  this  work,  as  they  spread 
it  moi-e  evenly  than  either  a  ronnd  brush  or  a  swab.  The  bhick- 
ing  should  Ik  laid  on  lo  a  thickness  of  about  ^g  inch.  Spread 
the  blacking  carefully  and  do  not  sleek.  Where  sleeking  in 
done  on  the  convex  snrfatte  of  a  cope  the  skin  of  the  loam  iu 
easily  loosened  and  will  be  likely  to  scab. 

After  the  cope  has  been  finished  marks  are  made  on  it  and 
on  the  base,  ho  that  it  can  be  replaced  in  the  same  position  in 
which  it  was  built.  It  may  then  be  lifted  off  and  sent  to  the  oven 
for  drying. 

The  next  operation  is  the  building  up  of  the  core.  The  lirxt 
sweep  used  resembles  that  of  Fig.  67 ;  the  second  has  an  undev- 
cnt  on  the  outer  end  to  form  the  flange  A  as  shown  in  Fig.  74. 
Carry  out  the  coating  of  loam  on  top  of  the  base  bricks  and  sweep 
smooth  with  the  board  of  Fig.  ti7.  Cover  it  with  a  layer  of  skin- 
iiing  loam.  Let  it  harden  and  then  throw  on  a  sprinkling  of  part- 
ing sand.  Change  the  sweep  and  use  tlie  one  shown  in  Fig.  7-J. 
The  flangi*  l>eneatti  the  coi-e  must  be  formed  with  sand.  Use  old 
sand  and  some  that  is  well  sifted  and  tempered.  Tenijiertng  \h 
the  term  applied  to  the  cutting  up  and  dampening  of  the  sand, 
when  it  is  being  prepared  for  the  use  of  the  moulder.  Pack  the 
sand  iu  by  hand  and  sweep  it  off.  Dampen  it  and  sleek  it  down 
until  it  clears  the  sweep.  Then  finish  it  off  with  skinning  loam. 
This  surface  must  now  be  prepared  to  give  an  impression  to  the  , 
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Fig.  74. 


core.     This  can  be  done  by  swabbing  oflE  the  surface  with  coal  oil 
and  sprinkling  on  some  parting  sand  before  il>  has  dried. 

The  sweep  used  for  the  flange  is  now  removed  and  an  over- 
hung one  as  shown  in  Fig.  75,  put  in  its  place.  While  working 
near  the  bottom  of  the  core  the  overhanging  piece  a  had  best  be 
stiiyed  by  a  supplementary  connection  to  the  spindle  like  the  bar  b 
at  the  top.  This  is  to  be  removed  when  the  brick  work  has  risen  to 
that  height.  First  lay  up  the  brick  work  at  i  Fig.  73,  until  it  has  risen 
about  1  inch  above  the  top  of  the  sand  flange  h .      Lay  on  the  loam 

i____ as  the  work  progresses.  Put  the  core 
^___^_^^  plate  e  in  position.  This  plate  should 
I    h  have    pin   projections    on    the  lower 

side  to  steady  it.      Proceed  with  the 
laying  of   the  brick  of    the  core    in 

J  exactly    the    same    manner    as    that 

_  pursued    with     the    cope.       Let    the 

brickwork  stand  about  an  inch  inside 
the  sweep  a  of  Fig.  75.  Cover  it 
with  loam  and  finish  in  the  same  way 
as  in  the  case  of  the  cope.  A  fourtli 
sweep  must  be  added  to  sweep  the 
upper  flange  k  Fig.  73.  The  cope  and 
core  lx)tli  end  at  the  parting  line  A  H. 
When  finished  and  before  drying, 
the  sand  forming  the  false  flange  h 
must  l^e  removed.  Above  this  the 
mould  may  be  of  dry  sand  carried  on 
the  cap/.  In  this  cap  a  series  of  holes  I  are. cored  through  which 
the  metal  is  poured.     When  the  core  is  finished  it  is  lifted  by  the 

base-plate  c  and  carried  to  the  oven. 

Sometimes,  in  the  case  of  cores  too  large  to  be  placed  in  the 

oven,  the  drying  is  done  by  means  of  charcoal  fires. 

After  the  loam  work  has  been  dried,  a  pit  is  dug  in  the  floor 
for  casting.  It  should  be  deep  so  that  the  ladle  can  be  conven- 
iently worked  above  the  mould.  Ram  a  level  bed  in  the  bottom 
of  the  pit  to  receive  the  base  plate  and  lower  the  whole  mould 
into  position.  As  the  outward  pressure  of  the  iron  upon  the  cope  is 
very  great,  it  must  be  sustained  in  some  way  for  the  brickwork 


Fig.  76. 
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a]ont!  would  Imve  tnBufficient  strength.  Tlie  liest  way  is  to  sur- 
round the  mould  by  a  boiler  plate  curb  m  m,  and  ram  the  interven- 
ing space  n  n  with  Hand.  If  a  curb  cannot  be  obtained  the  pit 
may  be  dug  out  to  the  aolid  earth  and  rammed.  The  cui'b  ie  the 
better  method. 

After  lowering  the  mould  into  tlie  pit  the  ouvering  above  the 
cover  plate  is  made  of  sand.  In  this  there  is  a  riser  j9  and  a  pour- 
ing basin  q.  It  is  well  to  protect  the  bottom  of  the  livtter  with  a 
core  o,  so  as  to  prevent  sand  from  being  washed  into  the  mould. 
When  everj-thing  is  in  position  it  i«  well  to  clamp  ;ill  parts 
together  by  placing  a  wedge  r  between  the  supporting  bar  and 
the  cover  plate.  This  puts  a  tension  on  the  suspension  rods  «  and 
holds  aU  the  [larting  surfaces  in  close  contact. 

The  hole  between  the  shrink  head  and  the  riser  should  be 
plugged  with  a  weight  t.  This  plug  is  to  I>e  kept  in  position  until 
the  iron  touches  it,  when  it  should  be  instantly  raised.  The 
object  of  keeping  the  plug  in  and  the  riser  closed  is  to  put  an  air 
pressure  on  the  mould.  Such  a  pressure  serves  to  bind  all  of  the 
parts  together.  Thia  course  is,  liowever,  not  always  followed. 
Some  moulders  prefer  to  leave  all  risers  open.  It  is  well,  when 
pouring  to  have  a  small  lire  of  shavings  in  the  core.  The  object 
is  to  rarify  the  air  and  heat  the  parts. 

The  principal  precautions  to  be  taken  in  loam  moidding  of 
this  sort  are :  to  have  the  loam  well  dried  before  pouring ;  to  pro- 
vide suitable  shrink-heads  and  risers  for  the  reception  of  the 
im]ttirities  that  may  arise  ;  to  have  the  brickwork  well  supjtorted 
by  sand  rammed  about  the  outside;  to  ram  the  sand  harder  near 
the  lH)ttom  than  at  the  top  for  it  has  to  sustain  the  gipjiter  pres- 
sui-e  at  the  former  point;  and  to  be  sure  that  all  dimensions  of  the 
mould  are  accurate. 

In  case  of  very  large  eastings  the  moulds  iirc  fn-iincritly  buUt 
in  the  pit  and  dried  in  position  by  charcoal  iircK. 

Engine  Cylinder.  One  of  the  most  common  jobs  of  mould- 
ing that  is  (lone  in  loikui  is  tlmi  of  large  engine  cylinders.  In  this 
work  jiartial  iMittcrns  aw  usually  provided.  These  patterns  ordin- 
arily consist  of  the  core  l«i\es  for  the  i>orts  and  adjacent  jiai-ts. 
The  core  and  the  cope  are  built  in  a  manner  similar  to  that 
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dt^scribed  for  the  simple  uyliiider  witli  internal  Hatges  Fig  76 
illiiKtnites  a  vertical  section  of  tlie  mould  of  a  bte^m  t\linder  In 
tlib  case  the  tiangos  are  ujxm  the  outside  of  the  Ljlinder  Here 
tnev  serve  to  hold  the  studa  for  boltiiig  on  the  (jhndt.i  headh  Iii 
tlio  huildint;  ni>  nf  the  cope,  n  plate  a  in  hiult  into  the  brukwork 
U)  uirry  wlmt  now  IxscoiufH  iin  cntilmiig  of  the  cope  ui8te«d  of  an 


Fig  76 


ovprhang  of  the  chit  us  in  the  pu-vious  oxuinple.  Tliin  plate  is  of 
till*  fuiin  flhuwii  in  Kitr.  77.  A  part  is  cut  uway  at  a  Fig.  77,  to 
permit  of  the  plitcing  of  the  [jattern  which  is  to  form  the  print  for 

•  core  whieh  forms  tlie  strain  passages  and  ports.  Thk  plate 
[hould  Iw  seated  on  the  lower  layer  of  bricks  as  already  descnhed 

r  the  simpli^  cylinder.      In  geneml  tiie  use  of  ;i  piitteni  in  con- 
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nection  with  loam  inoiilding  is  troublesome.  The  pattern  must  be 
well  oiled  in  order  to  prevent  the  loam  from  sticking  to  it.-  After 
the  pattern  is  withdrawn  the  mould  must  be  well  washed.  If  all 
of  the  oil  is  not  washed  from  the  loam  the  finishing  coat  will  not 
stick  to  it  and  the  mould  will  be  apt  to  scab.  For  these  reasons 
some  moulders  prefer  to  build  the  loam  for  the  core  prints  from 
drawings.  Wliere  a  pattern  is  used,  as  in  Fig.  76,  it  should  reach 
from  the  point  h  to  the  point  c.  The  overhung  flanges  of  the 
steam  chest  at  d  d  are  made  in  loose  pieces  that  are  left  in  the 
mould  when  tlie  main  pattern  is  withdrawn  and  are  themselves 
removed  afterward.  Hie  pattern  should 
be  ma<le  so  as  to  present  a  surface  for 
tlie  outer  surface  of  the  steam  passages 
from  i'  to  e  and  from  b  to  f.  It  also  car- 
ries  a  core  print  extending  back  into 
the  brickwork  to  the  points  g  and  Zt. 
Tliis  pattern  should  l)e  accurately  set 
wlien  work  is  comuK^nced  on  th(^  cope. 
Measure  up  from  tlio  lower  end  of  the 
cylinder  to  the  center.  Fix  the  cent<*r 
of    the    pattern    at  that  point.       Hold  Fig.  77. 

the  pattern   in   position  by  props   and 

stays  so  arranged  as  not  to  interfere  with  the  progress 
of  the  brickwork.  Oil  the  face  of  the  pattern,  which  is  to  come 
in  contiict  with  the  loam,  with  coal  oil  and  build  the  brick  work 
around  it.  Let  the  bricks  be  al)out  an  inch  from  the  pattern  and 
fill  the  intervening  space  with  a  stiff  loam.  At  th«^  center,  oppo- 
site the  location  of  the  ports,  pipes  should  be  built  into  the  brick- 
work. These  j^ipes  serve  the  twofold  purpose  of  permitting  the 
admission  of  bolts  to  hold  the  chores  in  position  and  of  providing  a 
means  of  escape  for  the  generated  gases.  After  the  brickwork  has 
been  carried  up  to  the  parting  line  A  B  the  pattern  is  withdrawn. 
Carefully  wash  away  all  of  the  oil  that  may  adhere  to  the  surface 
of  the  loam.  Then  apply  a  coat  of  skinning  loam  as  directed  for 
the  simple  cylinder.  After  this  the  mould  is  to  be  blackened  and 
dried  as  l)efore.  The  cap-plate  %  does  not  differ  essentially  from 
the  one  that  has  ab^ady  l)een  described.  Above  the  cap-plate  are 
placed  the  pouring  basins  and  runners  as  before.     The  mould  is 
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strengthened  by  ramming  sand  about  the  outside  as  in  the  case  of 
the  simple  cylinder. 

Loam  moulding  is  extensively  used  for  large  castings  where 
only  a  few,  possibly  but  one  of  a  kind  are  to  be  made,  and  where 
complete  patterns  would  be  expensive.  It  is  also  a  convenient 
method  of  making  large  complicajbed  castings  where,  if  they  were 
to  be  moulded  in  green  or  dry  sand,  three,  four  or  five-part  flasks 
would  be  required.  Other  instances  of  a  common  use  of  loam 
moulding  are  to  be  found  in  screw  propellers,  kettles,  condensers 
and  the  like. 

Loose  Pieces.  In  the  a 
description  of  the  moulding 
of  the  last  example,  a  refer- 
ence was  made  to  loose  pieces 
on  the  pattern  that  do  not 
draw  out  of  the  sand  with 
the  main  body.  Loose  pieced 
are  used  where  it  is  desired  to  avoid  the  placing  of  a  core  or  where 
core  prints  are  to  be  made.  Thus  in  Fig.  78,  if  the  pattern  were 
imbedded  in  the  sand  of  the  di*ag  with  a  parting  line  at  A  B,  it 
could  not  be  withdrawn  unless  the  pieces  a  a  remained  in  the  sand. 
These  pieces  are  therefore  made  loose  and  then  drawn  out  on  the 
angle  at  which  they  are  set  after  the  main  pattern  has  been 
removed  from  the  sand. 


Fig.  78. 
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The  art  of  forging  is  one  of  tlie  oldest  in   the  history  of 

man.  As  already  noted  in  *^  Foundry  Work,"  while  the  art 
of  smelting  must  liave  preceded  that  of  forging,  the  latter 
antedated  by  many  centuries  that  of  making  castings  of  iron.  It 
is  probable  tliat  in  the  early  years  the  metal  was  rare  and 
costly.  Its  being  used  for  personal  adornment  seems  to  prove 
this.  Such  examples  are  the  iron  finger  rings  found  in  the 
tombs  of  the  ancient  Egyptians.  Comparatively  few  si)ecimen8 
of  ancient  wrought  iron  work  have  been  discovered  however. 
This  is  due  to  the  fact  that  it  rusts  so  readily.  Gold,  silver  and 
bronze,  on  the  other  hand,  do  not  corrode  rapidly.  According  to 
Pliny  the  best  steel  used  by  the  Romans  was  imported  from  China, 
where  iron  is  said  to  havci  been  worked  a.s  early  as  2000  B.  C 
During  the  Middle  Ages  iron  working  reached  a  high  state  of 
development  in  Europe.  This  is  shown  in  the  beautiful  designs 
of  wrought  iron  found  in  the  churches  and  palaces  of  the  time. 
Hinges,  brackets,  Ixilconies,  knockers,  grills,  armor  and  weaix>n8 
were  executed  of  the  most  intricate  and  artistic  designs.  Tlie 
entrance  door  of  the  Hall  of  Merton  College,  Oxford  (shown  in 
Fig.  1),  is  an  example  of  this  work. 

Although  this  work  was  beautiful  and  delicate,  it  was  all 
light  and  could  be  made  by  hand.  The  forging  of  the  lieavy  frames 
and  shafts  that  we  have  to-day  would  have  been  impossible  with 
the  appliances  then  available.  The  st«am  engine  makes  present 
forgings  possible. 

The  work  of  the  smith  became  changed  somewhat  when  the 
ail  of  making  castings  was  discovered.  From  this  time  on,  the 
delicate,  intricate  designs  were  made  by  casting  and  the  smith 
devoted  himself  to  making  forgings  of  strength  rather  than  beauty. 
As  the  demand  for  artistic  forgings  decreased,  that  for  mechanisms 
increased  until  to-day  artistically  hammered  work  is  counted  among 
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the  luxuries  of  the  few.  Tiie  products  of  tlie  forge  find  applica- 
tion in  nil  grades  of  modem  meet  mil  it;  ins,  from  a  lady's  watcli  U\ 
annor  "f  ii  nmHerii  battleship. 

The  riaterials  ujton  which  the  work  of  forgiag  or  blacksmith- 
iiig  -a  done,  are  wrought  iron  and  steel.  As  explained  in  "  Melal- 
Inrgy,"'  wrought  iron  is  an  iron  fi-oni  whicli  "  the  silicon,  phosphorus 
and  Tn\tsh  of  the  carbon  hiia  been  i-einoved."  Steel  usually  con- 
tjiins  some  of  tiu'  impurities  that  am  chai'acteristic  of  cast  iitin 
with  th-j  :narked  [leeuliarity  of  holding  a  varying  pei-centage  of 
carbon.  Mild  steels  are  so-called  on  account  of  the  small  amount 
of  curl  .iQ  which  they  coutain.  As  tlie  percentage  of  carbon 
iuereaees,  it  becomes  more  difficult  tn  weld  the  metitl.  Greater 
i-arc  must  also  be  n^ed  in  beating  lest  the  metal  be  burned  and  its 
strength  destroyed.  Until  recently  all  heavy  forgings  involving 
welding,  were  made  of  wionght  iron,  but  new  processes  have  made 
it  possible  to  weld  steel.  It  is  now  possible  to  procure  heavy  steel 
castings  that  may  l)e  Iient,  twisted  and  when  broken,  can  he 
welded. 

The  properties  which  it  is  iiecessaiy  for  a  metal  to  possess  for 
forging  aie  ductility  and  malleability.  Many  of  the  steels  are 
not  welded  but  ai*  hammered  iiitfl  shape  from  a  single  original 
piece.     The  various  kinds  of  steel  are  described  in  "Metallurgy." 

The  Shop  may  vary  in  size  from  the  small  blacksmith  shop 
with  a  single  forge  to  the  great  establishment  fitted  with  ponder^ 
ons  steuiii  and  jwwer  hammers  and  innumerable  fires  and  furnaces. 
There  are,  however,  a  few  comnioii  characteristics  of  ail  such 
shops.  The  floor  slionld  be  of  earth  or  cinders.  The  ground 
lieneath  sliould  be  well  drained.  A  good  method  of  laying  a 
fioor  is  to  excavate  to  the  depth  of  about  18  inches  and  fill  in  12 
iuches  of  this  with  broken  stone.  Cover  with  a  layer  of  finer 
stone  and  use  eaitli  for  the  top.  This  makes  a  macadam- 
ised Hoor.  If  the  shop  is  connected  vritb  a  machine  shop,  the 
floor  can  be  still  further  improved  by  covering  to  a  depth  of  ^  inch 
or  so  with  cast  iion  chips.  When  these  have  Iwen  wet  a  number 
of  times  they  rust  together  and  foi-ni  a  hard  even  surface. 

ThH  walls  of  the  building  are  preferably  of  brick.  The  roof 
may  be  of  wood  or  iron,  with  a  slate  covering.  It  should  also 
contain  a  monitor  ventilator  along  the  ridge  pole  through  which 
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smoke  and  gases  may  escape.  IE  iron  work  is  used  in  the  con 
struction  of  the  roof,  itsliould  l>e  thoroughly  protected  from  coito- 
sioii  by  an  asphalt  or  graphite  paint.  The  side  walls  should  he 
.imply  supplied  with  windows,  and  the  ventilation  should  be  as 
eomplute  as  possible. 

A  distinction  is  usually  made  between  a  blacksmith  shop  and 
a  torge  shop.  The  diffei'ence  lies  in  the  weight  of  the  work  and  the 
method  of  doing  it.  In  the  blacksmith  shop,  the  work  is  usually 
done  by  hand  and  is  heated  in  open  fires.  In  the  forge  shop 
machinery  is  emploj'ed  to  do  the  work,  which  is  heavier,  and  the 
heating  i.s  done  in  a  closed  furnace.  The  difference  is,  therefore, 
one  of  degree  and  not  of  kind.  The  two  classes  of  shops  will  l)e 
Lreiitrd  se[>anitely. 

The  Forge.     While  forges  or  fires  are  of  many  shapes  and 
sizes  the  principles  of  their  con.. jruction  i-eniain  the  same.     An 
ordinary  blacksmith  forge 
s  a  fireplace  in  the  bottom 
which  there  is  a  tuyere 
for   axlmitting   a  blast   of 
x>     blow     the     fire. 
Where  the  air  blast  is  fur- 
nished by  a  hand  bellows 
the  pipe  leading  therefrom 
Fig.  2.  Fig.  .1.  to    the    tuyere     is     open 

throughout.  Where  a 
power-driven  blower  furnislies  the  blast,  there  is  a  valve  in  the 
pipe  for  legulating  the  same. 

The  usual  form  of  tuyere  consists  of  a  single  blast  pipe,  open- 
ing into  the  bottom  of  the  fire  pit.  This  may  be  a  simple  nozzle  as 
in  Fig.  2,  with  the  blast  regulated  by  a  damper  in  the  pipe ;  or,  it 
may  have  a  i-egulator  at  the  month  of  the  tuyere  as  in  Fig.  3. 
Sometimes  the  tuyere  has  several  openings,  and  is  then  in  the  form 
of  a  grate.  Whatever  its  form,  it  should  be  poasible  to  clean  it 
from  below,  in  order  Ujat  coal  and  clinkers  falling  into  it  may  be 
removed, 

A  common  form  of  foi^  is  shown  in  Fig.  4.  It  is  built  of 
brick  and  the  chimney  rises  from  one  side.  A  bonnet  (fi)  placed 
above  the  chimney  opening  incieases  its  di-aft.     The  fiit^  is  at  one 
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fide  and  only  comparatively  light  work  cam  be  done  in  it.  An 
improved  form  of  foi^e  is  shown  in  Fig.  5.  In  tliiis  the  fire  is  at 
the  center.  The  smoke  and  gases  are  canied  off  thmugh  a  bonnet 
BU8]>ended  from  al«ve.  With  tliia  construction  it  is  possible  to 
work  on  all  sides  of  the  fire  and  long  bars  may  be  heated  at  any 
point. 

The  Fuel  used  in  the  foi^s  thus  far  dceciihed  is  invariably 
bituminous  coal.  It  is  desirable  that  the  coal  shnuld  in:  ;is  free  iis 
possible  from  sulphur  and  earthy  matter.  Sulphur  gives  off  choking 
fumes  that  are  disagree- 
able and  it  has  an  injuri- 
ous effect  u|H)n  the  iron. 
Earthy  matter  produces 
clinker  and  chokes  the 
tuyeres.  A  coal  that 
contiiins  a  gicnt  deal  of 
gas  ia  also  undesinthle. 
Gas  distilled  from  coal 
cannot  be  burned  in  an 
©[Jen  fire.  Formerly,  al- 
most all  blacksmith  coal 
was  imported.  Now, 
however,  such  coal  as 
that  mined  in  the  Cum- 
berland  region  is  admir- 
ably adapted  tn  the  purpose, 
the  following  conifiositioa: 


Carbon 

93.81  per  cent. 

Hydrogen 

1.82  per  cent. 

Oxygen 

2.77  per  cent. 

Ash 

1.60  per  cent. 

100.00  per  cent. 

From  this  it  will  be  seen  that  carlran  standi  very  high  and 
that  the  losses  due  to  the  distillation  of  hydro-carbon  gases  nmst 
be  vety  low.  Anthracite  coal  is  used  in  special  furnaces,  which 
wilt  be  described  later.  Charcoal  and  coke  are  also  used  in  limited 

quantities. 
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The  BlaAt  is  furnished  to  tlie  fires  of  a  blacksmith  dhop  by 
blowers  of  various  kinds.  For  iiiaoy  yeare  the  ordin.iry  bellows 
was  used.  This  haa  been  supereeded  by  the  fan  biower  which  is 
now  almost  universally  used,  even  for  hand  jiowpr. 

Such  a  fan  blower  is  shown  in  Fig.  6.  It  is  formed  of  a  thin 
cast  iron  shell  in  which  there  are  a  set  of  rapidly  revolving  blades. 


Fly.  ."■.. 

These  blades  set  up  ii  current  of  air  which  presses  ^ainst'the  side  ' 
of  the  shell  and  escapes   through  the  tangential  opening.     The 
pressure  of  the  blast  used  for  au  open  blacksmith  fire  varies  from 
about  2  t«  7  ounces  per  square  inch.     The  lower  pressure  is  used 
for  a  light  fire  and  light  work.     The  higher  pressure  is  suitable   ' 
for  hi'avv  L'lasses  of  work. 


Tools.  The  tools  ii»e(l  in  a  hlacksinitli  ahop  are  of  the  aim- 
jilesl  de»criptioQ.  The  most  importiiiit  are  the  hammer  itiui  anvil. 
Then  come  the  tongs,  flatters,  swiiges,  drifts,  fullers,  punches, 
calipers,  etc. 

Hammers  differ  in  weight  more  than  in  form.  Tlie  common 
Boape  of  hammer  used  is  the  ball  pene  hammer  shown  in  Fig.  7. 


In  weight  they  vary  from  Hve  or  six  ounces  to  three  or  four 
pounds,  and  are  used  according  to  the  work  in  hand.  The  effect 
of  a  blow  from  a  hammer  depends  upon  the  weight  and  the  speed. 
A  heavy  hammer  produces  a  deeper  effect  upon  the  metal  than  a 
light  one.  The  reason  is  that  the  force  of  a  light  blow  is  easily 
abeorbed  by  the  metal   in  the   immediate   vicinity  of  the  surface. 
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A  heavy  blow  cannot  be  absorbed  as  readily,  hence  the  mebit  shows 
the  effect  for  a  greater  distance  from  the  Btirface.  This  is  illus- 
trated by  the  rivets  Bhown  in  Figs.  8  and  9,  In  Fig.  >*  the  metal 
at  the  end  of  the  rivet  is  turned  over  by  blows  from  a  light  liam- 
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mer.  In  Fig,  9  whei-e  a  blow  was  stiiick  by  a  heavy  hammer,  the 
metal  is  upset  for  nearly  the  whole  length  of  the  i-ivet.  There  is 
no  sudden  enlaigement  at  the  end,  butaii  incrcasu  in  size  for  some 
distance  thore-from. 


Fig. 


Fig.    10. 


Another  foiiii  of  hanmier  is  shown  iu  Fig.  10.  This  is  the 
sledge  hammer,  and  is  used  for  striking  heavier  blows  than  can  be 

1  with  tlie  ball  pene  hammer  of  Fig.  7.  The  peen  of  this 
liaiiinier  is  straight  and  rounded  on  the  edge.  Such  hHjnmeis 
weigh  frain  five  to  twenty  pounds. 


Ill  the  fitting  of  tlic  handle  to  the  liead  great  care  uliuiild  1)6 
taken.  Hammer  handles  are  made  elliptieal  in  cinss  section.  The 
major  axia  of  this  ellijMe  should  exactly  coincide  with  Umt  of  the 
eye  of  the  head.  The  reason  is  that  the  hand  naturally  gras[>8  the 
handle  so  that  ita  major  axis  lies  in  the  direction  of  the  line  of 
motion.  Hence,  unle&s  the  handle  is  pro[ierly  fitted  in  thi^  par- 
ticular, therii  will  1k!  constant  danger  of  striking  a  glancing  Mow, 
The  handle  slionld  also  stand  nt  right  angles  to  a  center  line  druwM 
from  the  ball  of  tlie  imne  to  the  face.  The  eye  in  the  head  is 
'isnally  so  set  that  the  weight  on  the  faeesido  is  greater  than  thiit 
on  the  peiie.  The  effect  of  this  is  to  so  kilanee  the  tool  that 
heavier  and  more  accurate  blows  oan  be  struck  than  if  the  weight 
were  evenly  balanced  on  each  aide  of  the  eye. 


Anvils.  Ne\t  to  the  hammer  in  ini[>ortance  la  the  anvil. 
This  may  be  any  block  of  metal  upon  which  the  piece  to  lie  shaped 
is  laid.  The  anvil  must  be  of  such  a  weight  that  it  can  absorb  the 
blows  that  are  struck  upon  it  without  experiencing  any  perceptible 
motion  in  itself. 

It  can  Ije  shown  tliat  if  a  lK>dy  impinges  uimn  another  of  equal 
weight,  the  two  will  thereafter  tend  to  move  at  a  velocity  equal  Oi 
one-half  of  that  originally  [jossessed  liy  the  impinging  body.  Suppose 
a  sledge  hammer  weighing  fifteen  pounds  to  be  moving  at  the  rate 
of  10  ft.  per  second.  If  it  were  to  strike  ujKin  an  anvil  of  the 
same  weight  the  two  (the  hammer  and  anvil)  would  lend  to  move 
down  at  the  rate  of  5  ft.  per  second.  But  if.  instead  of  this,  it 
were  to  strike  upon  an  anvil  weighing  4t>0  IIjs.  the  tendency  of 
the  two  (.the  hammer  and  anvil)  would  be  to  move  on  at  a  speed 
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of  but  .36  foot  =:  4.3  in.  per  secoad.  This  velocity  is  easily 
checked  and  Hbsorbed  by  the  elasticity  of  the  blocking  on  which 
the  anvil  rests. 

The  ordinary  anvil,  Fig.  II,  has  remained  unchanged  inform 
for  many  hundreds  of  yeare.  As  now  made,  the  lK)dy  a  is  of  wrought 
iron  to  which  a  face  of  hardened  steel  is  welded.  From  one  end 
there  projects  the  horn  h,  and  the  overhang  of  the  Ixnly  at  the 
other  end  i;  is  called  the  tail.  At  the  liottoni  there  me  four  pro- 
jections rf,  called  the  feet,  which  serve  to  increase  the  l»ase  upon 
which  the  anvil  I'esfai  as  well  its  to  affoi-d  the  means  for  clamping 
it  down  into  position.  In  the  tail  there  i^  a  square  and  a  circular 
hole.  The  former  serves  as 
a  mortise  in  which  cutters  and 
(iimilar  tools  may  be  held. 

An  anvil  of  this  form 
Hei-ves  for  the  execution  of 
any  work  tliat  may  lie  desired. 
Anvils  are  also  made 
witli  a  body  of  strong  gun 
metal  oi-  cast  iron,  to  which 
a  face  and  horn  of  steel  is 
welded. 

The  anvil  should  l»e 
plitced  uiMni  tlie  t'nd  of  a 
heavy  block  of  wood  sunken  into  the  ground  to  a  depth  of  at  least 
two  feet,  so  that  it  may  i-est  upon  a  firm  but  elastic  foiuidation.  As 
the  anvil  is  subjected  to  constant  vibrations,  hy  the  nature  of  the 
work,  it  is  necessary  that  it  should  !«  firmly  fastened  to  tlie  block. 
In  doing  this  avoid  spiking,  as  tlie  spikes  will  soon  work  loose  iiiid 
the  block  be  spoiled.  A  very  convenient  and  reliable  method  of 
holding  the  anvil  is  shown  in  Fig.  12.  Hei-e,  there  are  two  iron 
rods  about  |  in.  ni  diameter  ptissing  over  the  feet  of  the  anvil  and 
running  through  a  1  inch  round  or  square  bitr  extending  through 
the  block.  Nuts  on  these  rods  niiike  it  possible  to  draw  them  very 
tight  and  thus  hold  the  anvil  firmly, 

Tongft.  Next  to  the  hammer  and  anvil  in  importance  and 
usage  are  the  tongs.  They  vary  in  size  from  those  suitaMo  for  hold- 
ing the  smallest  wires  to  those  cajmble  of  handling  ingr)ls  am!  bars 
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of  many  tons  in  weight.  The  jaws  are  also  adapted  to  fit  over 
the  piece  to  be  handled  and  arc  of  a  great  varietj'  of  8ha]>eR.  Ah 
the  retiuirementa  of  each  piece  of  work  varies  80  much  fmm  that 
which  precedes  and  follows  it.  it  is  custom  my  for  the  blaekBmith 
to  dre»M  hiti  own  tonga  mid  udapt  them,  from  time  to  time,  to  the 
work  lie  has  in  hand.  Comparatively  few,  therefore,  of  the  vari- 
ous BhiipeR  of  tongs  foimd  in  sliojw  iire  laaiiiifactured  and  for  sale. 
A  few  of  the  geni<rul  typen  and  forms  in  common  use  are  here 
giveu. 

Fig.  13  represents  the  simplest  form  of  tongs.  TheBc  are 
known  as  flat  tniigs  fi'om  the  shape  of  the  jiiws.  Tliey  are  imed 
for  holding  flat  pieces  of 


metal,  and  vary  in  size  ac 
cording  to  the  work  lu 
hand. 

Fig.  14  shows  a  [lair  ' 
of  pick-up  tongs.      These  ' 
are  used  for  picking  up  hot 
pieces  of  metal   that  may 
liave  fallen  upon  the  floor. 
They  ai-e  usually  Hght  and 
have  long  handles  so  that 
objects  on  the  ground  n 
be  reached  without  stoo]> 
ing. 

Hound  bit  tongs   are  '"'S-  "' 

illustrated  in  Fig.  IS.  The  jaws  are  concave  and  aie  siiii.jii  fnilmli]- 
ii>g  cylindrical  objects.  Tongs  of  this  kind  arc  fretjuently  made  of 
great  strength  and  weight  and  are  adapted  to  the  handling  of  heavy 
shafts  and  axles. 

Siniiliir  tongs  are  used  for  holding  square  pieces.  In  such, 
the  jaws  have  a  rectangular  recess  as  in  Fig.  1(J,  instead  of  n 
<'in;ular  one.  A  square  piece  can  thus  be  held  more  securely  by 
gripping  on  the  corners  than  where  it  is  seized  on  the  fiat  surface. 

A  common  modification  of  tb^se  last  two  forms  of  tongs  is 
shown  in  Fig.  17.  These  are  called  hollow-bit  tongs.  The  jaws 
ojieu  imt  Wtweeu  the  end  and  the  pin.  so  that  they  ai'e  fitted  for 
seizing  objects  that  are  enlarged  at  the  extremity.     It  is  a  con- 
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Fig.  17. 


Fig.  18. 


venient  form  for  handling  bolts  upon  which  the  head  has  been 
upset,  also  similar  pieces.  The  tongs  with  jaws  as  shown  in  Fig. 
16  are  also  made  in  the  same  way. 

Pincer  tongs,  Fig.  18,  are  useful  for  many  purposes,  as  in 
holding  a  piece  that  has  a  rounded  projection  lising  from  the  main 
body.     A  modification  of  this  form  is  shown  in  Fig.  19. 

These  are  the  principal  shapes  that  are  to  be  found  in  all 
shops.  As  already  stated,  there  are  innumerable  modifications  of 
them.     A  convenient  form  is  the  box  tongs,  Fig.  20,  where  one 

jaw  is  lipped  down  on 
its  edges  to  steady  the 
sides  of  a  flat  piece  of 
work.  Another  form  is 
shown  in  Fig.  21. 

Tongs  are  used  for 
holding  metal  that  is  at 
too  high  a  tempemturo 
to  be  held  in  the  bare 
hands  ;  for  placing  iron 
ill  and  removing  it  from 
tlie  fire,  and  work  of  a 
similar  cliaracter.  As 
the  hand  should  1x3  free 
to  manipulate  and  turn 
the  metal,  tlie  tougs  are 
held  in  position  by  a  link 
driven  on  over  the 
handles  as  shown  in  Fig. 
16.  The  elasticity  of 
Fig.  21.  the  latter  serves  to  huld 

the  work  securely. 

Chisels  are  of  two  kinds,  those  used  on  hot  and  those 
intended  for  cold  work.  These  differ  in  that  the  hot  hius 
a  thinner  and  sharper  blade  than  the  cold  chisel.  Fig.  22 
shows  a  hot  chisel  and  Fig.  23  a  cold  chisel.  Both  are  held 
on  handles  like  a  hammer  head.  The  blacksmith  holds  the 
work  in  position  on  the  anvil  with  his  left  hand,  while  tlie  chisel 
is   held   at  the   point   to   be   cut    with    the    right.      A   helper 
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theii  strikes  on  the  head  of  tlie  eliisel  with  a  sledge.  The  work 
is  usually  facilitated  by  putting  an  iinvil  eoue.  Fig.  24,  in  the 
square  cutter  hole  at  the  tail  of  the  anvil. 

A  common  form  of  hot  chisel  for  cutting  off  round  bars  or 
trimming  off  rough  edges  is  shown  in  Fig.  25.     This  is  known  as 


Fig.  22. 
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the  gouge  chisel.     Another,  but  more  unnmiitl  form  is  the  square 
chisel  shown  in  Fig.  "20, 

The  Flatter  b  a  tool   in   common  use  and  is  shown  in  l'"ig. 
27.     It   is   for  smoothing  off  the  surface  of  metal   thiit  is  l)eing 
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worked  and  thus  removes  hammer  marks.  It  is  held  in  the  same 
way  as  the.  chisels  and  is  struck  with  a  sledge  hy  the  helper- 
Sometimes  the  edges  are  rounded.  This  makes  it  possible  to 
work  up  close  to  rising  portions  and  fonn  fillets.  The  flatter  is 
also  made  with  an  offset  on  one  side  as  iu  Fig.  28.  It  is  then 
called  Afoot  tool. 

Fullers  (Fig.  29),  resemble  the  flatters  in  the  uses  to  which 
they  are  put.  They  are  also  used  for  working  into  corners.  Fig. 
30,  where  it  would  l)e  impossible  to  sti-iko  a  satisfactory  blow  with 
&  hammer. 

The  fuller  shown  in  Fig.  29  is  known  as  the  top-fuUer.  One 
set  in  the  anvil  like  mi  anvil  cone  (Fig.  31),  is  called  a  bottom' 
Mltr. 


Punches  are  alao  made  with  eyeuand  handleH  like  the  chisels, 
flatters  and  fnlleis.  The  extremity  may  he  squniv  as  in  Fig.  32, 
round  as  in  Fig.  HS.  of  an  oblong  or  i-ectangular  section,  accoi-ding 
to  the  work  at  hand.  The  size  depends  upon  the  hole  to  Ite 
punched.     They  ure  invariably  nsed  for  making  holes  throngh  hot 


Fig.  aT. 


metal.  The  ordin;iiy  method  is  to  punch  part  way  through  from 
one  side  ;  then  tuiii  the  piece  and  drive  through  from  the  opposite 
dirMtion.  This  avoids  tearing  the  metal  on  the  surface,  nnd  lenves 
a  .sniooDi  IihIl'  at  ench  end. 


Vlg.  29. 


Swages  are  used  to  do  work  similar  to  that  done  by  flatters. 
The  difference  is  that  they  are  used  to  form  some  particulai'  shape 
riilljer  than  a  flat  surface.  The  most  common  form  of  swage 
hii-s  ii  concave  face.  It  is  used  to  smooth  o£f  a  round  bar. 
Kor  this  work  a  top  swage  (Fig.  34),  which  is  a  struck  with  a 
sledge,  and  a  bottom  swage  (Fig.  35),  set  in  the  anvil  are 
iisi'd.  In  connection  witli  tlie  use  of  the  sw^e  which  is  used 
for  drawing  metal  down  to  a  required  diameter,  there  is  another 
tool  which  is  very  convenient.  It  takes  the  place  of  both  the 
unvil  and  the  bottom  swage  and  is  illustrated  in  Fig.  86,  It  is 
usually  made  of  cast  iron  of  an  approximately  square  shape,  with  a 
number  of  grooves  of  ditrerent  dimensions  cut  on  the  faee.  These 
grooves  are  used  according  to  the  diameter  and  shape  of  the  piece 
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being  worked.  It  is  called  a  swage  block  or  a  sow.  The  grooves 
at  B  are  semi-elliptical,  which  should  also  be  the  shape  of  the  curve 
of  the  top  Bwage  Fig.  34.     The  angulai'   ijronvea  are  right«ngled  ' 


tig  30 

and  are  adapted  to  receive  different  aizes  of  square  iron.  Thw  lioW 
thi-oiigh  the  casting  are  available  for  punching,  drifting,  etc. 

The  tools  here  described  embrace  all  the  working  tflols  that 
are  to  be  used  for  geneml  purposes.  In  addition  to  IIiohp,  each 
blaokemitb  should  have  a  set  of  outside  calipers  (Fig.  37),  capable 
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of  taking  in  the  various  sizes  of  work  that  he  may  be  called  upon 
to  make.  He  should  also  have  a  plain  carpenter's  square  (Fig.  ^8), 
with  the  longer  blade  two  feet  in  length.  Wheie  a  single  piece  of 
work  i.-j  to  have  many  duplications  it  is  well  for  the  smith  to  make 
a  pail*  of  rigid  calipei-s  (Fig.  39),  with  the  points  ground 
the  proper  distance  apart.  For  special  work  many  tools  may  be 
devised :  some  of  the  moi-e  common  forms  of  which  will  be  described 
hereafter. 

All  of  these  tools  should  be  kept  in  a  tool  rack  standing  con- 
veniently near  the  anvil  and  foi-ge.  This  mck  should  he  so  placed 
as  not  to  interfere  in  any  way  with  ihc  niovcnicnt-i  of  tlte  .smith  ot 
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his  helper.  A  cotDtnon  form  of  such  a  rack  is  shown  in  Pig.  40. 
It  consisU  of  a  substantial  table  having  two  shelves.  The  upper 
shelf  should  be  in  the  form  of  a  tray.  On  each  of  the  four  sides 
there  are  racks  a  a,  made  of  i  inch  round  iron.  By  dropping  the 
handles  through  the  opening, 
the  tools  are  held  by  the 
heads.  In  this  position  they 
arc  readily  seen  and  the  proper 
one  easily  selected  for  the 
work  in  hand.  In  ordinary 
blacksmith  work  the  iron  is 
heat«d  before  any  work  is  done 
upon  it.  Exceptions  are  found  in  the  case  of  cutting  metal,  and  in 
heading  down  small  rivets,  both  of  which  o[)eratioua  are  frequently 
done  cold.  Of  these  the  former  is  more  often  done.  To  sever  a 
piece  of  cold  metal  nick  a  groove  about  the  mcUil  and  bend  to  and 
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fro.  All  of  the  bending  stresses  are  thus  concentrated  it  the  bofr 
toni  of  the  groove,  and  the  metal  will  break  almost  at  once  The 
usual  method  of  doing  this  work  is  for  the  smith  to  hold  the  bar 
to  be  cut  iu  the  left  hand,  resting  it  npun  the  <in\il  at  the  place 
where  it  is  to  l»e  severed.  With  his  right  hand  licpluesand  holds 
the  cold  chisel  (Fig.  23),  in  position  while  the  helper  stnkes  it  with 
a  sledge.  The  l>ar  is  turned  between  each  l»low  so  that  the  chisel 
will  travel  around  the  bar. 

neatlng  Hetals.  Let  us  firet  consider  the  working  of  iron 
and  steel.  The  temperature  at  which  the  different  irons  and  steels 
may  be  heat«d  without  injury  depends  upon  llieir  quality. 
Ordinarily  iron  can  be  heated  to  a  higher  temperature  than  steel. 
The  milder  the  steel,  that  is,  the  smaller  the  percentage  of  combined 
carbon,  tlie  higher  the  temperature  to  which  it  can  be  heated  with- 
out injury.     In  other  words,  the  less  the  variation  of  the  steel 
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from  tlie  condition  of  wrought  ii-on  the  higher  the  temperature  at 
which  it  can  l>e  worked. 

Ii-on  and  steel  are  heated  for  working  in  oi-der  to  make  them 
more  plastic  and  easily  shaped.     The  higher  the  temperature  the 


softer  the  metal  liecomes.    As  the  metal  is  heated  it  riaea 

perature  and  changes  in  external  appearance.      It  i.s  fii 

theu  blue,  then  a  dull  i-ed,  then  a  bright 

red,  (usually    railed   a   cherry  red), 

then  yellow ;  this  yellow  fades   into 

B  brilliant  straw  color  which  in  turn 

fades    iutu  it  white,   at  which    point 

fusion  takes  place.     The  usual  color 

at  which  wrought  iron  and  steel  are 

worked  is  that  of  a  bright  cherry  red. 

Where  a  weid  is  to  Ije  made,  however, 

the  metal  must  l)e  heutfd  to  a  whit* 

heat.     The    higher   gi'ades   of    steel 

cannot  be  heated  to  this  temperiilure 

without  being  ruined.     By   "  higher 

gr.ide  "  is  meant  steels  with  a  greater 

percentage  of  combined  carbon. 

In  heating  metal  the  tire  should 
be  burned  according  to  the  work  in 


tem- 
,t  black. 


Jiand.  If  tlie  three  bai-s  a,  b  and  e  of  Fig.  41  -.uv.  U>  be 
heated  at  the  unshaded  sections  indicated  by  d,  t  and  /  respec- 
lively,  the  fire  must  be  manipulated  accoi'dingly.  In  the  ease  a 
wliere  it  is  to  l)e  heated  Imt  a  short  distance  from  t!ie  end.  a  smalt 

fire  will 
answer . 
As     the 
Fit'.  ^S-  f'^i'g"'    '^^ 

BO       COIl- 

stnu'ted  that  a  lire  nifiy  be  biinied  over  conBidemble 
of  itM  area,  Monie  means  must  he  t^ikun  tollmit  lite  lire 
for  small  work.  This  is  usually  done  by  satiimting 
the  coal  that  covei-s  the  forge  beyond  the  limits  of 
the  desired  fimpot  with  water.  This  is  shown  to 
have  been  done  in  Fig.  42.  The  end  of  the  liar  a  is 
thiiist  down  into  the  fire  which  is  confined  to  the  pot 
g  by  the  wet  coal  A  li.  The  iron  shouhl  Ih'  put  in 
that^rtinn  of  the  fire  which  is  the  hottest.  If  the 
end  of  «  in  Fig.  42  wei-e  tw  I>e  put  down  ngiiinttt 
the  tuyere,  the  cold  air  issuing  from  the  same  woidd 
prevent  it  from  becoming  hot.  If,  on  the  other 
hand,  it  were  laid  on  the  top  of  the  fire  it  would 
radiate  heat  so  mpidly  tlmt  it  would  not  become 
hot.  The  part  to  he  heated  must,  thei'cfoi'e.  be 
buried  in  the  incandescent  fuel. 

In  the  bar  h  where  the  length  to  be  heated  is 
greater  than  in  a,  it  may  not  be  possible  to  put  the 
bar  down  into  the  fii'e  at  an  angle  as  in  Fig,  42.  A 
lai^er  fire,  as  in  Fig.  43,  must  be  canied.  The  fire- 
pot  is  made  larger  by  extending  the  amount  of  diy 
fuel.  The  bar  is  laid  in  horizontally  and  the  fuel 
heaped  over  it. 

With  tlie  bar  c  the  fuel  is  also  heaped  over  the  metal  as  in 
Fig.  44.  In  this  case  the  firepot  is  again  contracted  by  the  use  of 
wet  coal  about  the  edges. 

Tliese  aie  the  three  typical  fires.  They  are  to  he  used  accord- 
ing to  the  work  in  hand. 

Wetting  Coal.     Combustion  of  coal  is  not  greatly  promoted  ly 
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the  use  of  water.  Water  is  used  iu  it  ftn^e  fire  to  limit  the  sia? 
of  the  same.  By  thus  limiting  the.  size  of  the  fire  the  intensity  of 
the  draft  through  the  burning  parts  is  increased,  and  with  it  the 
rapidity   of  combuatioD   which  is  in  turn  followed   by  a  higher 


Fig.  to. 

teinpei-ature.  The  fuel  that  has  been  wet,  cakeH  over  and  cokes 
fj-oni  the  heat.  This  pi-oceas  closes  the  air  spaces  Ix'tween  tin- 
pieces  of  coal  and  the  draft  is  then  forr,ed  to  pjLSH  up  through  the 
burning  portion. 

Shaping.  After  tbe  metal  has  been  heat«d  it  ia  siiaped  with 
tliL'  hammer.  ThiH  shaping  may  consist  of  di-awing.  upsetting  or 
landing.  In  dramng  a  bar  of  iron  it  is  made  longer  and  of  ii 
amaller  diameter.  Up»etting  consists  of  shortening  the  bar  with 
II  coiTeaponding  increase  of 
diiinieter.  This  work  is  iisn- 
ully  done  with  a  helper  using 
a  sledge  hammer ;  the  smith 
using  a  light  hand  hammer. 
They  strike  alternate  blows. 
The  helper  must  watch  the 
point  upon  wtiich  the  smith 

strikes  and  strike  in  the  same  place.  Where  two  helpura  are 
employed  the  smith  strikes  after  each  man.  A  blow  on  tlie  aavtt 
by  the  smilli  is  a  signal  to  atop  striking. 


Fig.  41. 


22 


FORGING. 


Finishins-  As  the  Iiaiiiiiit;r  iiHiially  marks  the  metal,  it  is 
ciistoinary  to  leave  the  metal  a  little  full  and  finish  by  tlie.  use  of 
flatters  and  swajres.  This  applies  to  work  that  has  been  shaped 
under  the  sledge.  Light  work  can  be  di-cssed  smoothly,  and  the 
hammer  can  be  made  to  obliterate  its  own  marks. 

Wrought  iron  is  now  rolled  in  so  great  a  variety  of  shapes 


EXAMPLES  FOR  PRACTICE. 

1.     What  is  the  weight  nf  a  bar  of  flat  iron  1  foot  long,  ; 
nches  wide  and  ]  inch  thick  ? 


that  almoMt  any  desiifd  form  can  be  ol  ta  n  d  d   e     f 
The  move  eommon  forms  are  flat,  rou    1  and  squa 
rolled  in  a  great  range  of  sizes.     Res  d      the      tl   t 
half-round,  hexagonal,  etc.     The  t.  hie  o    [   g^  "J  g 
Bimniling  weights  jier  foot  of  length  for  flat  hai-^ 

In  the  talile  on  page  24 
is  given  the  weights  for  each 
foot  of  length  of  round  and 
square  1>arB. 

When  using  the  table  on 
page  25  tnaacertiin  the  weight 
of  anysize  of  flatirnn  per  foot 
of   length,  look   in  the  Erst 

column   at   the  left   for   the  FlK-«- 

thickness.  Then  follow  ont  in  a  horizontal  line  to  the  column 
giving  the  width.  The  number  given  will  be  the  we^ht  in 
pounds  of  one  foot  of  the  desired  size. 


WeiQHT  OP  PLAT  ROLLED  IRON. 
Len^h,  12  inches. 
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2.  What  is  tlie  weight  of  a  bar  of  flat  iron  4  feet  0  itiches 
long,  2  inches  wide  and  1  inch  thick?  Ann.  30  [K)unds. 

3.  What  is  the  weight  of  a  har  of  flat  ii-on  ^  iiicli  thick,  3 
inches  wide  and  14  feet  long.  Ans.  70  pounds. 

The  weight  of  any  piece  of  wrought  iron  can  he  calculated  in 
tlie  name  way  aii  dii^ected  for  cast  ii^oii  in  "  Foiindi-y  Work,"  jiage 
32,  except  tliat  the  constant  coeflicient  used  is  .2777  instead  nf 
.2fi07.     The  ride  thus  hecomes. 

Multiply  the  volume  of  the  piece  of  iron  in  aibic  inches  hif 
S777  or  in  the  case  of  mild  st«el  ■mvliiply  by  .'S833. 

EXAHPLES  eOR  PRACTICe. 

1.  What  is  the  weight  of  a  piece  of  wrought  iron  containing 
1,824  cubic  inches?  Ane.  367.67  immids. 

2.  What  is  the  weight  of  a  wrought  iron  plat«  ^  inch  tliick 
and  2  feet  square?-  Ans.  120  pounds  (neai-ly). 

3.  What  is  the  weight  of  a  plate  of  wrought  iron  j  inch 
tliick,  and  in  the  shape  of  an  equilateral  triangle  whose  sides  have 
a  length  of  24  inches  ?  Ans.  34.64  pounds. 


WEIQHTS  OF  ROUND  AND  SQUARE  ROLLED  IRON. 
Length,  12  Inches. 
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In  the  actiwl  work  of  the  blacksmith  shop  one  of  the  simplest 
jobs  is  the  making  of  an  ordinary  etaplt,  Fig.  45.  The  Hrst  stages 
of  this  ate  shown  at  a  and  b  of  Fig.  46.  The  iron  is  tirt>t  cut  to  a 
suitable  length  a.  It  is  then  heated  lirst  at  one  end  then  at  the 
other  and  pointed  u.s  at  b.  This  jiotntiiig  is  done  on  the  flat  face 
of  the  anvil  while  tlie  metal  is  hot.  It  should  be  noted  that  tlie 
pointing  draws  the  metal  out  somewhat.  Hence  the  piece  is 
longer  in  the  condition  b  than  it  was  in  the  condition  a.  Allow- 
ance for  this  must  be  made  in  cutting  off  the  metal.  After 
pointing,  the  iron  is  bent  to  its  final  shape  over  the   horn  of  the 
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anvil.     One  eiul  k  lield  between  tlie  jiiw.s  nf  »  \ya.ir  of  flat  tongs  as 

in  Fig.  47,  wliile  tlie  other  end  is  siruck  liy  a  Imtnmer  as  shown. 

If  ihe  ii-nn  is  ^  incli  in  diameter  or  less  it  may  l-e  hent  cold.     If 

more  than  |  inch  in  diameter  it  is  well  to  heat  it  for  more  than 

half  its  length  and  \>end  while  still 

hot  after  pointing.     When  needed  in 

lai^e  i]uantities  staples  of  this  kind 

are   made    complete    by    niBchinery. 

U  bolts.  Fig.   48,   are   mside  in    the  ^'^- "' 

same  way.     The  threads  are  cut  while  the  iron  is  still  straight. 

Ill  drawing  iron  there  is  always  a.  little  waste  due  to  the 
formation  of  scale  and  the  iwtion  of  the  fuel.  This  is  usnally  so 
small  in  amount  that  it  can  be  neglected.     Where  it  is  possible 


^ 


Fill,  4«. 

to  trim  the  finished  forging,  the  amount  of  metal  originally  cut  o£f 

is  more  than  sufficient  to  allow  for  the  drawing  or  ujeetting.     In 

the  case   of  the  staple.  Fig.  4-5,  the   exact  allowance  should  be 

inadf>.     If  it  is  not  so 

made,    the    smith     cuii 

vaiy   the    sharpness    of 

the  jminting.    The  more 

gradual    the    taper   the 

longer  the   staple.     As 

Ihere   is  no  appreciable 

loss  of  metjil  the  weight 

and  Iherefoi*.  the  bulk 

i>f  tlie  material  may  be 

considered    to     be    the 

same   before    and   aft«r 

drawing  or  upsetting. 

EXAMPLES  FOR  PKACTICE- 
1.     What  will  be  the  final   length  of  a  bar  of  ixiund  iron  IJ 
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incli  ill   diameter  mid  6  feet  long,  18   inches  of  which  ia  to  be 
diawu  down  to  a  diameter  of  |  inch. 

Ans.  10  feet  6  inches. 

'  2.     A  staple  is  to  be  made  of  |  inch  round  iron  ;  it  is  to  be 

13  inches  long  over  all  and  the  taper  ia  to  extend  back  for  2J 

inches  from  the  ends.     What  length  of  metal   must  be  cut  from 

the  bar  in  order  to  make  it?  Ans.  9§  inches. 

3.     It  is   Sesired  to  have  a  squui-e   shank 

having  a  aide  of  1  inch    and   n    length   of    6 

inches    on     the    end   of    a   rod     1^  inches  in 

diameter.      Wliat  length   of  the   round    metal 

will  be  required  for  the  square  simnk? 

Ans.  4.89  inches. 
4.     A  head  is  to  be   upset  on   the  end  of  a  rod  1  inch   in 
diameter.     This  head   is  to  be   eylindiieal,  |    inch  long  and  1| 
incites  in  diameter.     What  length  of  1  inch  ro<l  must  be  allowed 
to  make  the  liead  ?  Ans.  2,3  inches. 

Bolts.  In  direct  distinction  from  the  drawing  out  of  the 
point  of  the  staple  just  described  is  the  upsetting  of  the  head  of  » 
bolt.  Drawing  out  or  drawing  down  may  I>e  defined  as  tlie  reduc- 
ing of  a  bar  of  metal  to  a  smaller  diameter  or  smaller  ci-oss-sec- 
tional  area.  Upsetting  is  the  revewe  of  dmwing  out  and  "  con- 
sists of  making  a  thin  bar  of  iron  into  a  thick  one,"  either  for  a 
whole  or  a  portion  of  its  length.  To  form  the  head  of  an  ordinary 
bolt  make  the  width  between  the  parallel  sides  equal  to  1^  times 
the  diameter  of  the  bolt,  plus  J  inch.  The  depth  of  the  head  is 
equal  to  one-half  of  the  width  of  the  bead.  Thus,  the  dimensions 
■  of  the  head  of  a  |  inch  bolt  are  .75  x  1.5  -f  .125  =  1.25  —  1] 
inches  for  the  length  of  the  side  and  1^  -^  2  ^  |  inch  for  the 
depth  of  the  head.  The  cubic  colt^nts  of  such  a  bead  is  therefore, 
.C,2r,  X  1.25  X  1-25  :^  .9770  cubic  inches.  As  the  area  of  a  ^ 
inch  bar  is  about  .44  square  inch  it  follows  that  the  length  to  be 
allowed  for  u))setting  the  head  is, 

.9766         „  „„  L     ,.  n.  ■     1 

— -. —  =  2.22  —  or  about  24-  inches. 
.44  * 

Whei-e  large  quantities  of  bolts  are  to  be  made  the  bars  are 

heated  in   a  furiiace  and  headed  by  special   machinery.     Wbei'e 

tl.e  work  ia  done  by  hand  the  tools  are  ol  the  simplest  character. 
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Tlic  lit';ider  conBists  of  a  disc  in  which  a  hole  haa  been  dri!l«il  l<t 
correspond  to  the  diameter  of  the  bolt.  A  handle  12  or  lo  inches 
in  length  is  welded  to  the  disc.  Such  a,  tool  is  shown  in  Fig,  49. 
The  bole  should  be  about  ^'^  inch  lai-ger  than  the  nominal  size  of 
iron.  To  make  a  bolt  with  thitt  tool :  First  cut  off  the  iron  to  the 
required  length ;  then  heat  the  end  to  bu  headed,  to  a  dull  wtniw 
color;  strike  the  end  with  a  hammer  or  against  the  anvil  and 


npset  it  BO  that  the  portion  intended  for  the  formation  of  the  head 
will  not  pass  through  the  header.  Then  place  the  hole  of  the 
header  over  the  8(]uare  hole  in  the  tail  of  the  anvil  and  diup  thu 
cold  erul  of  the  bolt  through  it.  Strike  tlie  pi-ojecting  [wrtion  of 
the  bar  and  upset  it  until  the  requisite  thlcknetia  of  head  is 
obtained.  This  will  [>robably  leave  a  head  of  curved  but  irregular 
outline.  Remove  from  the  Iieader  and  wiuare  the  head  thus  upset 
on  the  face  of  the  iinvil.  Tliis  will  probably  thicken  the  head. 
Again  drop  the  cold  end  through  the  header  and  strike  the  head 
until  it  is  reduced  tn  the  proper  thickness.  Afti'r  which,  ag-ain 
square  the  i-dges  on  the  face  of  the  anvil.  In  doing  tliis  work, 
the  snilLh  will  hold  the  header  in  his  left  hand.  The  work  will  be 
facilitated  if  a  helper  assista  with  a  sledge  hamnn'r." 

There  are  a  number  of  simple  tools  in  use  for  clamping  tlie 
bar  while  it  la  being  headed  bo  as  to  avoid  the  prelininai-y  u^t- 
setting. 

We  liave  now  studied  the  methods  to  be  followed  in  the 
execution  of  two  simple  jobs.  One  involved  drawing  out  and  the 
other  upsetting.  Sometimes  both  processes  must !«  followed  In 
one  job.  Wliei-e  there  is  a  choice  between  the  two  the  smith 
should  Uke  the  one  involving  the  least  amount  of  work. 

Weldinf.  The  process  of  welding  consists  of  heating  the 
faces  of  the  two  pieces  to  l)e  joined  until  they  are  at  the  jtoint  of 
fusion  (called  th(?  welding  heat),  tlien  uiutiiig  them  by  blows  or 
pressure.      The  ti'iMperaUire  tiE  iron    when  at  a   welding   ht-at    is 
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1900°  Fahrenheit.  The  appearance  of  the  metal  is  nearly  white 
and  wtien  exposed  to  the  air  it  will  emit  bright  sparks.  It  ^vill 
also  give  forth  a  slight  noise  simihu'  to  that  produced  hy  the 
escape  of  a  small  jet  of  steam.  Tlie  tlieoiy  of  welding  is  that  the 
Bemi-liquid  particles  of  the  metal  are  pressed  into  the  same  condi- 
tion of  close  contact  that  they  have  in  other  ]);Li-ta  of  the  bar. 
Interposition  of  foreign  matter  between  tlie  two  pieces  to  be  joined 
will  prevent  welding.  The  three  things  that  most  commonly 
intervene  to  prevent  welding  are  air,  sciile  and  dirt.  Air  inter- 
venee  when  the  two  surfaces  to  be  welded  form  a  pocket  upon 
being  brought  together  This  occui-s  wlien  they  touch  only  at  the 
edges  and  one  01  both  of  the  surfaces  are  concave. 
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If  iron  is  heated  to  any  temperature  above  a  cherrj'  red  its 
affinity  for  oxygen  increases.  When  at  a  straw  color  or  hotter 
the  affinity  is  very  great.  This  affinity  results  in  the  production 
of  an  oxide  of  iron  known  as  scale.  If  scale  forms  on  the  surface 
of  the  metal  between  the  time  that  it  is  drawn  out  of  the  fire  and 
the  weld  made,  it  will  prevent  the  union  over  such  area  as  it 
covers.  The  welding  of  all  metals  is  not  done  at  the  same 
temperature.  Welding  demands  a  certain  condition  of  plasticity 
of  surface.  If  this  condition  is  not  readied  welding  fails  for  want 
of  contact  due  to  excessive  oxidation.  The  temperature  of  this 
certain  condition  of  plaaticity  varies  with  the  composition  of  the 
iron.  For  this  reason  irons  having  different  welding  jiointK  can- 
not be  soundly  welded  to  each  other  in  an  oxidizing  flame. 

la  oixier  to  jirevent  the  formation  of  scale  and  to  permit  the 
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welding  of  irons  of  different  compositions,  a  flux  is  used.  A« 
defined  in  '■  Foundry  Work,"  page  10,  a  flux  is,  "  a  substance  thai 
promot«fl  tlie  fnuing  of  mi^tals." 

For  welding  iron,  clean  river  sand  or  powdered  sandstona 
makes  a  go(»d  flux.  It  is  nseleMs,  however,  for  welding  steel  or 
Htoel  and  ii'on.  For  tliis  jinrjiose  borax  is  genei-ally  nsed.  The 
flux  is  )tp[ine<l  fihortly  before  the  metal  reaches  tlie  Wflding  bent, 
no  matter  what  the  leuiperature  of 
that  heat  niivy  he.  It  melts  on  the 
surface  of  the  metal,  forming  a  alag, 
which  covers  the  surface  to  be 
welded  and  preventa  oxidation. 
When  the  two  uiirfaces  are  brought 
together  and  subjected  to  a  pressure 
or  blows,  the  slag  flows  or  is  pressed 
out  fi-oui  N'tweun  tliose  snrfiices  and 
actual  contact  is  sec-ured. 

.Surfaces  to  be  welded  are  firet 
shaped  suitably  for  the  pur^xwe.  Ordi- 
narily when  two  Itara  niv  to  lie 
welded  each  is  Iieveled  as  shown 
for  round  biira  in  Fig.  5(1.  This 
beveling  is  called  gcarfing,  and  should 
1)6  80  done,  that  when  the  weld  is 
oompletf  there  is  hut  a  slight  en- 
largement of  the  newly  formed  Imh' 
at  that  point.  For  heavy  work 
where  the  metal  must  remain  in  the 
tire  for  a  long  time  in  oi^der  to  reach  ''' 

the  welding  heal,  there  is  a  different  method  nf  mai-fing.  This 
is  shown  in  Fig.  .51 .  One  piece  is  opene<l  iu  the  form  of  ii  jaw, 
the  other  is  wedge-shaped  and  fits  the  former.  Where  the  weld  is 
to  be  made  between  heavy  pieces,  the  surfaces  should  be  left  con- 
vex a-s  at  A  A  in  Fig.  51 ,  This  faciiifavteH  the  outflow  of  the  slag 
ami  the  escape  of  all  other  impurities. 

Sometimes  a  weld  is  mode  without  scarf'Ug  ;  such  Ih  called 
a  hvit  weld.  This  is  best  done  by  slightly  rounding  the  ends  that 
are  ti>  l>c  joined,  as  shown  in  Kij^.  .'i'i.     As  the  ends  are   forced 
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together  the  metAl  flows  outward  fonning  a  ring  as  in  Fig.  5S. 
This  IB  thea  hammered  down  to  the  diameter  of  the  bar  by  tbe 
uee  of  the  top  and  bottom  swages,  Figs.  84  and  65. 

When  a  small  bar  is  to  be  welded  to  a  heavier  piece  of  metal 
and  a  butt  weld  is  used,  it  is  said  to  be  jumped  on.  Such  a  weld 
IB  shown  at  A  of  Fig.  54.  In  preparing  the  parts  for  this  weld 
the  bar  should  be  rounded  at  the  end  as  shown  in  Fig.  52,  and  the 
heavy  piece  left  flat  or  sliglitly  cupped.  When  the  weld  is  being 
made  the  metal  will  flow  out  about  the  point  of  union.  This 
metal  should  afterwKrds  be  fullered  down  to  form  a  flllet  as  shown 
in  Fig.  80. 

The  edgett  uf  tlie  scarf  will  burn  away  to  a  certain  extent  in 
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heating.  The  scarf  should  therefore  be  made  enough  larger  that 
the  weld  may  be  of  full  size  after  completion.  All  scarfs  should 
be  slightly  rounding,  in  order  to  permit  the  escape  of  air  and  slag. 
The  heating  can  best  be  done  in  a  clear  tire  of  coal  containing 
little  gas.  In  making  heavy  welds,  heat  slowly.  If  an  attempt 
is  made  to  heat  lai^  pieces  too  rapidly,  the  interior  will  not  be 
heated  sufficiently.  Turn  the  metal  in  the  fire  frequently  in  order 
to  heat  evenly  and  avoid  burning.  Withdraw  occasionally  from 
tbe  fire  and  sprinkle  with  flux.  When  welding  strike  light  blows 
at  first  and  heavy  ones  thereafter.  As  soon  as  the  pieces  are 
joined,  strike  ao  that  the  edges  of  the  scarf  will  be  closed.  This 
will  prevent  the  joint  of  the  weld  from  showing  when  the  work  is 
completed . 
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This  Ls  done  in 


Snnd  can  be  used  us  ii  flux  for  welding  iron.  For  welding  steel, 
borax  should  be  used.  To  weld  steel  successfully  the  following 
precautions  should  be  observed.  Clean  the  iire  of  all  cinders  and 
asheij.  Put  sufficient  eoal  upon  the  tire  so  that  it  will  be  unneces- 
sary to  add  more  coal  while  taking  the  welding  heat :  Upset  both 
pieces  near  the  end  and  scarf  cai^fuUy :  When  possible,  punch  a 
hole  and  rivet  tlie  two  pieces  together ;  Heat  the  steel  to  a  low 
cherry  heat  iind  sprinkle  with  1>oitix  :  Replace  in  the  fire  and  niiae 
to  the  welding  heat :  Clean  the  scarfed  surfaces  and  sti-ike  lightly 
ftt  first,  followed  by  heavier  blows.  The  api)earance  of  steel  when 
at  a  welding  heat  is  a  pale  straw  (■olor.  German  strel  can  be 
heated  to  about  the  same  temperature  a^  iron. 

Steel  may  also  Ite  welded  to  wmuglit  i 
the  manufacturing  of  edged 
took.  The  body  of  the  fool  is 
of  iron,  to  which  a  piece  of  st«el 
is  welded  and  fonns  the  cutting 
edge.  This  class  nf  work  in  Iwat 
done  with  a  fire  of  anthracite 
coal,  though  cnke  or  chui-coal 
may  be  used.  The  fire  should 
be  burning  biightly  when  the 
heating  is  done.  Lay  the  iron 
and  steel  on  the  coal  until  ttiey  are  red  hot.  Then  f^prinkle  the 
surfaces  of  both  with  the  flux  and  let  it  vitrify.  A  convenient 
method  of  doing  this  is  to  tiave  tlie  powdered  flux  (borax  pi-e- 
ferivtl)  in  a  pepper-pot.  As  soon  as  the  heat  has  changed  the 
metals  to  a  straw  color  lay  them  together  ami  strike.  A  single 
blow  of  a  drop  hammer,  or  four  or  five  with  a  light  sledge  will  do 
the  work.  Be  sure  that  these  pieces  are  well  cnvered  with  a  flux 
before  attempting  to  weld. 

Two  pieces  of  high  grade  steel  can  alsn  be  welded  in  the  same 
manner. 

No  attempt  should  be  made  to  do  this  class  of  work  in  an 
ordinary  foige  like  that  illustr&ted  in  Figs.  4  or  5.  The  forge  or 
furnace  should  be  especially  built  for  burning  anthracite  coal. 
Such  a  furnace  is  shown  in  Fig.  55.  This  furnace  is  suited  for 
hard  coal  or  coke.     It  is  fed  from  the  hoppers  shown  at  each  end, 
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and  can  be  cleaiiml  through  the  pan  at  the  bottom.    The  luetul  t^> 
be  heated  is  laid  on  toj)  nf  the  coals  beneath  the  brick  roof. 

When  burning  anthracite  loal,  the  top  of  the  bed  of  fuel 
should  not  be  disturbed.  The  poker  should  only  be  used  beneath. 
Soft  or  hituminous  coal  fires  can  be  raked  over  on  the  t'ip.  An 
iiiithracite  fire  taji  onh  be  letained  bj  banking  and  admitting 
enough  draft  beneath  the  fufl  to  keep  it  ignited  The  simplest 
method  of  retaining  a  bituminous  coal  fire,  when  not  m  use,  ie  to 


thrust  a  piece  of  hard  wood  down  inbi  the  bed  of  coals  and  cover'l 
with  a  thin  layer  of  ashes.  To  start  the  tire  again,  rake  off  the  i 
ashes,  and  |mt  on  the  blast.  The  wood  will  quickly  ignite  and  sat 4 
lire  to  the  coal. 

Eye  Bolt.     The  making  of  an  eye  bolt  is  a  common  piece  of  I 
work.     It  may  be  made  in  either  one   of   two  ways.     The  easier  J 
method  produces  an  eye  shaped  as  in   Pig.  56.     To  make  such  i 
bolt,  tiitit  scarf  the  end  so  that  il  will  fit  over  the  bend  of  the  rod  1 
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along  the  dotted  lina  a  h.  Bend  the  eyf  "ver  ttie  lioni  uf  the 
anvil.  Finally  bring  to  n  welding  heat  and  wehl  in  acnoi-dance  with 
instructions  already  given. 

An  eye  of  hetter  ap[)eai-aiice  aa  kIiuh-ii  in  Fig.  57  is  inadu  as 
follows  :  U|>s(?t  the  body  of  the  metal  as  a  seat  for  tin!  scarf  at  the 
end,  tihowu  at  «  Fig.  58.  Snaif  the  end  of  the  har  and  l»end  nver 
the  horn  of  the  anvil  into  a  true  circle  to  fit  the  «eat  at «,  and  then 
weld  as  bcfoi'e. 


Fig.  5fi. 

The  length  of  metal  required  for  an  eye  or  ring  is  nearly 
equal  to  the  length  of  the  ciit:uniference  of  a  circle  whose  diameter 
is  equal  to  tlie  mean  diameter  of  the  ring.  Thus  in  Fig.  57  the 
length  required  foj'  the  eye  will  he-  appiuximately  tlie  length  of 
the  circle  ah  ch  whose  diameter  is  a  c. 

Hoolu.  The  making  of  hooks  to  be  used  for  hoisting  and 
Other  [lurjMise^  is  important.  Suc)i  a  hook  i.s  shown  in  Fig.  50. 
It  IB  made  with  an  eye  for  the 
reception  of  a  chain  and  varies 
in  size  Ijetween  that  eye  and 
the  point.  Thiti  variation  is 
for  the  pnrpttsp  of  so  distribut- 
ing the  metal  that  the  hook 
will  be  the  .strougest  at  those 
pointJi  wheit  it  is  subjected  to  the  greatest  stress.  If  we  consider 
the  depth  of  tlie  metal  to  be  2|  inches  with  a  width  of  1 J  inches 
at  tlie  point  "f  largest  section,  the  hook  shown  can  well  !«!  made 
of  iron  2}  inekes  in  diameter. 

In  choosing  the  metal  to  be  used  for  a  book,  select  a  bar  hav- 
ing about  the  same  sectional  area  as  the  largest  section  of  thp 
hook-  This  will  require  the  least  amount  of  drawing  out.  For 
till-  Jiook  shown  in  Fig.  59.  a  length  of  about  lOJ  inches  will 
sufiice.     Il  \vill  be  Ijetter,  however,  to   cut  off  at  least  12  inches 


KIg.  56. 


34 


FORGING. 


for  the  first  one.  If  a  number  are  to  be  made,  subsequent  hooks 
may  be  forged  without  waste.  For  the  first  it  is  better  to  use 
ample  stock  so  that  the  work  may  not  be  spoiled.  The  bar  should 
first  be  drawn  out  to  the  shape  of  the  hook  as  in  Fig.  60.  As  thus 
drawn,  it  will  be  a  little  longer  than  the  inside  of  the  hook.    After 

drawing,  weld  in  the  eye  as  already  directed 
for  eyes.  Then  Ixiud  tlie  liook  into  shape 
over  the  horn  of  tlie  anvil.  Tliis  bending 
will  shorten  the  metal  on  the  inner  curve  of 
the  hook  a  very  little,  and  lengthen  it  on  tlie 
outer.     The  amount  of  the  change  in  dimen- 
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Fig.  69. 


Fig.  GO. 


sions  will  depend  upon  the  tenijierature  at  which  the  work  is  done. 
After  completion  the  work  should  be  carefully  finished  under  the 
dwage. 


Fig.  61. 

Where  large  numbers  of  such  hooks  are  to  he  duplicated  they 
are  stamped  out  under  a  steam  hammer  or  a  drop. 

Wrenche3.  A  simple  tool  that  is  frequently  called  for  is  the 
S  wrench.  This  wrench  is  usually  made  with  a  gap  at  each  end, 
suited  for  nuts  of  different  sizes.    It  is  shown  complete  in  I<ig.  6K 
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The  jaws  at  the  end  should  be  parallel  with  eacli  other.  A  line 
drawn  from  one  jaw  to  the  other  should  make  an  angle  of  30  degrees 
with  the  center  line  of  each  jaw.  There  are  two  ways  in  which 
such  a  wrench  can  be  forged.  One  is  to  forge  the  jaws  separately 
and  then  weld  to  the  handle.  In  the  other  the  jaws  are  cut  from 
a  solid  piece  of  metal  and  the  iron  between  is  then  drawn  down  to 
the  proper  size  for  the  handle.  The  latter  is  preferable,  since  it 
avoids  all  welds.  To  make  the  wrench  by  the  second  process, 
select  a  piece  of  steel  large  enough  to  form  the  head.  Fuller  it 
down  back  of  tlie  head  as  shown  in  A  Fig.  62,  at  a  a.  Round  the 
end  and  punch  the  hole  b.  Next  treat  the  other  end  in  the  same 
way  and  draw  out  the  intermediate  metal  giving  the  form  shown 
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Fig.  62. 

at  B.  Now  cut  out  the  holes  b  b  securing  the  form  shown  at  C. 
It  now  remains  to  bend  the  heads  to  the  proj)er  angle  and  give  the 
desired  curve  to  the  sliank.  In  forging  such  a  wrench  the  outer 
edges  sliould  be  slightly  rounded  so  that  they  will  not  cut  the  hand. 
Tlie  inside  of  the  jaws  should  be  perfectly  square  with  sharp  edges. 
This  finisli  can  be  best  obtained  by  filing. 

Haminer  Heads  are  usually  made  in  dies  and  by  power.  The 
various  forms  through  which  the  metal  passed)  in  die  forging  will 
serve  as  a  guide  for  making  a  hammer  head  by  hand.  If  a  ball 
pene  hammer  like  that  shown  in  Fig.  7  is  to  be  made,  the  work 
can  best  be  done  from  a  flat  bar.     Take  a  flat  bar  of  suitable  size 
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for  the  hammer.  This  aize  is  one  that  hax  aViout  the  same  depth 
as  the  eye  and  a  thickness  equal  to  the  \tody  at  that  point,  or 
enough  more,  so  that  the  sectional  area  of  the  untouched  bar  shall 
be  a  little  more  than  the  area  of  the  hammer's  face.  The 
heating  can  be  done  either  in  a  soft  coal  fire  or  an  anthracite  fur- 
nace, as  shown  in  Fig.  SS.  The  latter  is  preferable.  Heat  the 
end  of  the  bar  only.     Do  not  I'aise  the  temperature  above  a  cherry 
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red.  After  tlie  first  heating  Iiammer  out  the  peen  .so  that  the  end 
of  the  bar  has  the  sliape  shown  in  Kig.  0;H.  This  work  can  be  done 
with  the  fuller,  Fig.  29,  and  tlit>  cupping  tool.  Fig.  64.  After 
(h-awing  down  the  end  of  tlie  rod  with  the  flatter  (Fig.  27),  the 
fuller  is  used  to  work  out  tlie  groove  <r.  Tlie  cu]»ping  tool,  whose 
fm:e    is   that  of   a   IioUow  sphere,   iisslats   in    rounding   the   face 

t_j~i  ^-nfflTtTTii^^  "^  *'''^  ]>ene.    The  [jene  should 

I  ■      I    I   IkI        ^^^    however    be    given     a 

i    '  ■I     11    If  ■  loiigit  spherical   outline  with 

"l  I    llln'    1  ft  thchamuieruloiie.    If  the  bar 

I  '    f  ^  IS    of    the  exiwt  size   of    the 

\  V*  J        body  no  work  need  l>e  done 

_J  ^~-~JJ*.^-'^  here.   If  not,  then  forcedown 

Ptg  66.  Fig.  e7.  ^  ■       *  1      ^u 

to  approximately  the  pi-oper 

size  Next  forge  the  lx)dy  of  the  hammer  and  cut  down  in  front 
of  the  ace,  still  leaving  it  attached  to  the  liar  as  shown  in  Fig.  65. 
The    rooves  at  a  and  /'  can  lie  worked  out  with  the  fuller. 

The  next  step  is  to  punch  the  eye.  This  eye  should  not  be 
straight.  It  must  be  tapered  outeaeh  way  from  the  center,  where 
the  eye  is  to  be  of  the  smallest  section.  The  taper  must  run  I^th 
lengthwise   and   across   the  hole_a8_  shown  in  Figs.  60  and  67. 
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To  form  this,  the  taper  punch  must  be  <lriveii  iu  at  the  two  sides 
of  the  head  alternately  until  the  eye  has  teen  enlarged  to  the 
proper  size. 

After  the  completion  of  this  work  the  head  may  l)e  cut  free 
from  the  bar.  It  should  then  be  ground.  If  a  very  good  job  is 
wanted,  the  head  shoidd  be  sent  to  the  machine  sliop  and  turned. 
When  this  has  been  done  it  should  be  tempered,  as  will  be  directed 
later. 

Tongs.  Every  blacksmith  is  constantly  being  called  upon  to 
make  his  own  tongs.     As  already  stated,  these  tools  must  be  of  a 
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Fig.  70. 

great  variety  of  shapes  in  oixier  to  meet  the  demands  of  the  shop. 
The  different  styles  required  are  not  upon  the  market.  There  are 
two  methods  of  forging  tongs.  One  is  to  make  the  jaw  and  handle 
of  a  single  piece  without  a  weld ;  the  other  is  to  forge  the  jaw 
and  weld  on  the  handle. 

Vox-  light  tongs  the  first  method  is  preferable  ;  for  heavy,  the 
second. 

To  make  a  pair  of  light  tongs  of  the  shape  shown  in  Fig.  13, 
take  a  piece  of  iron  J  inch  X  1^  inches.  Forge  down  the  ends  until 
the  bar  is  in  the  form  shown  by  Figs.  68  and  69.  Punch  the  eyes 
and  split  the  bar  into  two  pieces  as  shown  in  Fig.  70.  Hammer 
the  handle  into  a  round  section  and  rivet  the  two  parts  together. 

For  heavy  tongs  a  piece  of  flat  iron  of  suitable  size  should  be 
forged  into  the  jaw,  after  which  the  handles  are  welded.  The 
method  of  doing  the  work  in  the  two  cases  is  the  same,  except 
that  the  forging  is  heavier  and  two  welds  are  required. 
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Rings  and  Chains.  KingR  and  chains  are  made  in  a  manner 
eimilar  to  that  used  for  eyebolts.  The  metsi  is  cut  off  to  the  proper 
length  and  the  ends  are  scarfed  as  shown  in  Fig.  50.  It  is  then 
bent  to  the  desirad  form  of  link  or  ring  and  the  scarfed  surfaces 
brought  together.  After  reheating  to  the  proper  temperature,  tlie 
weld  is  made.  In  making  chains,  the  links  are  succeBsively  bent 
through  the  one  preceding  and  then  welded  in  position. 

Tool  Dressing  is  usually  considered  one  of  the  most  particular 
jobs  in  a  shop.  The  work  is  light  and  a  helper  is  always  used  for 
the  striking.  The  material  used 
Is  known  as  toot  steel.  It  is  a 
high  grade  of  metal  and  contains 
a  large  amount  of  combined  car- 
bon. The  details  of  this  steel  are 
given  in  "  Metallurgy."  TooIb 
are  of  many  shapes.  Neatly  all 
those  used  in  a  machine  shop  can  ■ 
be  made  with  a  fuller  and  flatter.  The  shank  of  the  tool  is  usually 
left  the  full  si7,e  of  the  untouched  bar.  This  statement  applies  to 
the  lathe  and  planer  tools  and  cold  chisels.  The  machitfie' tools  are 
made  of  steel  having  a  rectingular  section.  Cold  chisels  and 
punches  are  commonly  made  of  octagonal  steel. 

As  an  example  of  a  tool  to  be  foiled  take  what  is  known  aa  a 
"front  tool."  This  tool  is  shown  in  Fig.  71.  The  metal  used 
is  of  a  size  suited  to  enter  the  tool  post  of  the  lathe  for  which  it 
is  intended.  The  metal  is  drawn  out  and  the  hollow  a  made  with 
the  fuller.  The  point  b  is  shaped  by  tlie  liammer  and  cut  to  an 
approximate  shape  with  a  hot  chisel.  It  is  well  to  gi'ind  the  tool 
into  a  working  shape  before  tempering.  It  should  not,  however, 
he  sharpened. 

Cold  chisels  are  made  hy  simply  flattening  one  end  of  a  bar 
of  (preferably  hexj^onal)  steel  and  grinding  to  a  suitable  edge. 

Double  ended  or  sizing  cutters  are  usually  made  in  the 
machine  shop  and  sent  to  the  blacksmith  shop  for  hardening.  The 
steel  of  which  such  tools  are  made  is  first  cut  off  and  annealed  in 
the  blacksmith  shop. 

Tools  for  woodworking  machinery  are  first  cut  from  the  bar 
and  annealed.     They  are  then  shaped  and  afterwards  hardened. 
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Temperlntr.  The  general  process  uf  teui])eniig  in  di^scrilwil  in 
"  Metallurgy."  Steel  ia  hardened  by  cooling  suddenly  and  eof  tened 
by  cooling  slowly  from  a  red  heat.  In  hardening,  care  should  be 
taken  to  plunge  the  tool  into  the  water  or  oil  vertically,  so  tliut 
there  may  be  no  uneven  cooling  of  tlie  sides.  For  iron  \vorkiiig 
tools,  plunge  into  the  water  only  that  jwrtion  of  tlie  tool  tliat  in  to 
be  tempered.  This  avoids  brittleness  in  tlio  unpjiorting  [Kirtions. 
It  also  enables  enough  heat  tt> 
be  stored  in  the  metal  to  supply 
that  needed  for  tempering. 

As  wooti  working  tools  am 
lighter,  and  as  a  partial  cooling 
would  be  apt  to  ciuise  warping 
or  even  cracking  of  the  metal.it 
is  customary  to  plunge  them  into 
tbe  bath.  The  result  is  that 
they  are  cooled  and  liardt^ned 
throiiglioiit.  The  reheating  of 
these  tDols  in  done  by  means  of 
an  outside  source,  which  must 
be  capable  of  impitrtiug  a  uni- 
form temperature  to  all  parts  of 
the  tool.  If  tbe  beat  so  im- 
parted is  not  uniform  the  too\ 
will  be  wai-ped.  Where  a  large 
number  of  tools  are  to  be  tem- 
pered an  anthracite  coal  fire  Is 
used.  For  this  purpose  a  fur- 
nace similar  to  lliat  illustrated  in  Fig.  -iS  i.s  used.  When>  an 
anthracite  Gre  is  not  available  a  hot  iron  can  hv  iidvant^genusly 
employed.  Take  a  piece  of  flat  iron  an  inch  or  more  in  tbick- 
ness  and  having  a  larger  surface  than  that  of  tbe  tool  tn  ho 
tempered.  Heat  it  to  a  bright  cherrj'  red  and  laybig  it  oji  tbe 
anvil,  liold  tbe  tool  about  half  an  inch  altovc  it.  Hold  by  I  be 
edges  us  shown  in  Fig.  72,  if  possible.  When  the  heal  fiimi  Uic 
metal  has  raised  the  tool  to  tbe  desired  temperature  as  indicated 
by  the  color,  plunge  it  into  the  hath  of  wateror  oil.  Do  not  j)binge 
it  in  flatwise  as  held  in  Fig.  72.     The  cooling  of  the  under  side  of 
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the  tool  before  the  upper  will  cause  warpiog.     Put  the  tool  into 
the  batli  edgewise. 

Another  method  of  lieating  large  wood  vorkii^  tools,  such  as 
saw  plates  and  the  like,  iii  to  subinei^e  them  in  a  bath  of  molten 
lead.  This  eoimnuntcates  an  abeolutely  even  tempei'uture  to  the 
plate.  It  also  liiiu  the  iidvanU^  that  no  ovcrlieating  can  occur. 
The  cwlur  at  which  the  desired  temperutui-e  is  attained  for  varioutt 
claa-ses  of  tools  is  given  in  "  Metallurgy." 

Annealing  is  a  pi'oceKs  of  softening  steel.  It  is  done  so  that 
it  may  be  easily  worked  with  hand  or  machine  tools.  It  is  accom- 
plished by  slowly  cooling  from  a  md  heat.  The  usual  method  ie 
to  heat  the  piece  red  hot  and  then  bury  in  lime  or  ashes.  It  is 
allowed  to  remain  tlieiv  until  it  is  tliorougliiy  cold.  Twelve  hours 
should  be  allowed  fur  this  work.  For  this  purpose  lime  is  better 
than  ashes,  as  it  is  a  i)ourer  conductor  of  lieat  ;  hence  the  piece 
cools  more  slowly. 

Another  and  quicker  way  of  annealing  is  by  the  water  method. 
The  steel  is  lieated  to  a  clieiry  red  and  allowed  to  cool  in  a  dark 
place  until  the  rod  jnst  disiipiiears.  It  is  then  quickly  plunged 
into  cold  water.  This  metliod  should  never  U-  used  wlien  there 
is  time  lo  wait  for  the  other. 

Hardening  and  Annealing  Brass.  'I'lie  process  uf  iiai-dening 
and  annealing  brass  is  exactly  the  revei'se  of  tliat  used  with  steel. 
Brass  is  hardened  when  it  is  lieated  and  allowed  to  cool  slowly  ; 
it  is  .softened  or  annealed  when  heated  and  cooled  suddenly. 
Wheji  annealing  biass,  care  should  be  taken  that  it  is  evenly 
heated  throughout  and  that  it  is  evenly  cooled. 

Casehardenlng  is  the  process  of  making  a  hardened  stoel  case 
around  a  piece  of  iron.  To  do  this  the  outer  shell  of  the  iron  is 
converted  into  steel.  The  depth  to  which  this  conversion  takes 
jjlace  varies  from  g\  to  g'.,  inch.  It  depends  upon  the  tempei-a- 
ture  to  which  the  piece  is  subjected  and  the  time  during  which  the 
heat  is  continued.  There  arc  two  methods  of  doing  this  work  ; 
the  prussiate  of  [>otajih  and  the  ho.x  methods.  The  foiToer  is  the 
more  rapid  ;  the  latter  the  more  reliable. 

In  casehardening  with  prussiate  of  potash,  crush  the  material 
to  a  very  fine  powdei-.      Then  heat  the  steel  to  a  red  heat  and 
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apply  ilie  powdered  chemical  to  the  surface  to  bn  liiinieiu'il. 
The  powder  may  be  apiinkled  rni  witli  ii  spoon  and  tlieii 
rubbed  over  the  surface  with  the  back  of  the  aanie.  The  iron 
munt  be  hot  enough  -so  that  the  potash  will  melt  and  run 
freely.  If,  during  the  procefis,  the  iron  coola  so  that  the  potash  is 
not  kept  hot,  it  must  be  put  back  into  the  lii-e  and  agivin  brought 
to  a  red  lieiit.  It  is  then  cooled  in  cohl  water.  Tliis  proeess 
makes  a  veiy  hard  case:  one  that  cannot  be  touched  with  a  file. 
It  is,  however,  expensive.  Therefore,  it  is  not  used  where  a  large 
number  of  pieces  are  to  be  hardened.  Neither  is  it  suited  for  sur- 
faces that  Mb  large  or  irregular  in  form.  When  hardening  with 
prussiat«  of  potash  the  heat  deconiposejs  it  and  the  contained 
carbon  unites  with  the  iron.  This  forms  a  steel  which  in  turn  is 
hardened  when  it  is  suddenly  cooled. 

When  a  number  of  pieces  or  one  single  large  piece  is  to  he 
hardened,  the  box  process  should  be  used.  This  is  a  simpler  and 
safer  method.  It  is  more  easily  executed  and  there  is  not  the  same 
danger  of  excessive  warping  as  in  the  flret  described  process.  More 
or  leas  wai-piug,  however,  does  occur  whenever  a  piece  of  iron  is 
easel  lardened. 

In  the  box  process  of  caseliardening,  the  pieces  are  packed 
in  a  box  with  the  hardening  material.  The  box  should  be  of 
wrought  or  cast  iron,  preierably  the  former-  It  should  be  of  .such 
size  that  all  of  the  pieces  may  be  packed  without  any  of  them 
touching  the  top,  bottom  or  sides.  In  packing,  first  put  a  layer 
of  the  hardening  material  in  the  bottom.  Next  put  in  a  layer  of 
pieces  to  be  hardened  and  pack  the  hardening  material  about  and 
over  them,  ramming  it  down.  Then  put  in  another  layer  of  pieces 
and  pack  in  the  same  way.  Continue  until  the  box  is  filled. 
Fasten  on  the  cover  and  fill  all  openings  with  fire  clay  so  that  the 
box  is  absolutely  air  tight.  Now  set  the  box  and  its  contents  in  a 
furnace  whei^  it  will  be  subjected  to  an  even  temjici-ature.  Raise 
it  gradually  to  a  briglit  cherry  i-ed  and  keep  it  in  that  condition 
for  twenty-four  hours.  At  the  end  of  that  time,  remove  it  from 
the  fire,  and  upon  opening,  cool  the  cont«nta  in  cold  water. 

When  the  pieces  are  taken  from  the  wat«r  they  will  be  found 
quite  hard  and  slightly  warped.  They  may  be  straiglitened  by 
Bpringlag  them  in  a  press. 
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In  tliis  work  care  should  be  taken  to  place  the  largest  articlet 
at  tlie  bottom  of  tlie  box.  They  should  ali  be  eo  packed  tliat  as 
they  settle  during  the  process,  they  will  be  so  held  that  one  piece 
does  not  bear  unnecessarily  uponanother  and  thus  cause  a  needless 
amount  of  warping.  When  cooling,  put  the  pieces  in  edgewise  so 
that  the  cooling  may  be  unifonn  and  the  amount  of  warping  made 
as  small  as  possible. 

Various  materials  are  used  to  assist  in  hardening.  The  most 
common  and  the  one  that  is  the  cleanest  and  least  offensive  is  bone 
dust.  There  are  a  number  of  compounds  ujion  the  market,  which 
iii-e  all  preiwired  and  ready  for  use.  Tht-sp  usiially  liave  bone  dust 
a.s  a  base  witli  other  ingredients  ii<lded.  It  is  l»etter  and  cheaper 
to  buy  these  ^^rcjuiuitlnnH  than  it  is  U.  attempt  to  make  the  mix- 
ture. Excellent  results  can  be  obtained  from  them.  Where  it  is 
desired  to  do  caseliardening,  and  bone  dust  is  not  available,  other 
materials  may  be  used.  Hoofs,  old  leather,  salt  and  urine  make 
an  excellent  caaehai-dening  mixture.  To  use  these  materials,  cut 
the  leather  and  hoofs  into  pieces  of  from  ^  inch  to  1  inch  in  largest 
dimensions.  A  satisfactory  proportion  will  le  20  pounds  of  old 
-  leather.  ^^)  pounds  of  lioofs,  4  poundH  of  salt,  to  which  a  gallon  of 
urine  may  lie  added  after  the  packing  is  completed. 

Brazing.     Closely  allied  to  welding  is  a  method  of  uniting 
iron  and  st*el  called  brazing.   By  tJiis  means  two  pieces  are  soldered 
together  by  a  bra.-js  alloy.    It  is  used  where  the  parts  are  so  small  or 
ii  ll  thin  thtit  they  would  be  burned  or  wasted  away,  if  they  were  to  be 

j'  l',  laised  to  a  welding  heat.     Brazing  is  also  used  where  finished  parta 

that  must  not  be  stretched  or  upset  by  hammering  are  to  be  joined. 
The  method  is  very  simple.  The  parts  to  be  joined  are  made 
bright  and  cleaned  of  all  acid  or  grease.  Paint  the  paits  with 
some  flux,  such  as  borax,  and  raise  to  the  melting  point  of  the 
brass.  Sprinkle  brass  filings  oyer  the  joint.  The  jmi-ts,  to  be 
joined,  must  be  lirnily  fawtened  while  being  heated.  The  brass 
should  contain  enough  zinc  so  that  its  melting  point  is  well  below 
that  of  the  iron.  It  should  melt  when  the  iron  or  steel  has  come 
to  a  bright  cherry  red.  The  brass  must  melt  thoroughly  or  it  will 
not  adliere  to  the  mefcil.  Be  very  careful  not  to  get  the  iron  too 
hot.  The  heating  had  best  be  done  on  a  charcoal  or  anthracite 
fire.     Soft  coal  can  only  be  used  where  the  greatest  care  is  exep- 
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ci»ed.  The  presence  of  sulphur  in  this  fuel  gives  very  poor  results. 

A  method  that  is  much  tiisier  to  bundle  is  now  in  extensive 
use,  A  graphite  crucible  is  used,  in  which  a  quantity  of  brass  is 
melted.  The  parts  to  be  brazed  are  brightened  and  fastened 
together  in  the  usual  manner.  Then  they  are  painted  with  a  Ru% 
such  as  borax  paste.  The  parts  not  to  be  joined  are  painted  ^vith 
an  anti-flux.  For  tliis  a  special  preparation  of  graphite  made  by 
the  Dixon  Crucible  Co.,  will  answer.  When  the  brass  has  Ijeen 
melted  and  the  parts  prepared  as  directed,  the  latter  are  plunged 
into  the  molten  metal  and  held  there  until  they  have  risen  to  the 
temperature  of  the  same.  Tht-y  are  then  taken  out,  wiped,  and  the 
8U|>erfluous  metal  filed  away.  This  method  is  extensively  used  for 
brazing  bicycle  frames  and  in  doing  work  of  a  similar  character. 

Hammers.  We  have  up  to  this  time  dealt  with  those  light 
forms  of  work  that  can  be  performed  by  hand.  The  greater  por- 
tion of  all  forging  work  now  done,  both  large  and  small,  is  per- 
formed with  the  aid  of  power  driven  machinery.  The  principal 
machines  ntv  hammers,  punches  and  shears.  In  connection  \vitih 
these  are  the  furnaces  of  special  design  for  heating  the  metal. 

Hammers  are  of  three  kinds  commonly  known  as  power,  trip, 
and  steam.  The  trip  hammer  is  usually  formed  of  a  heavy  beam 
carried  on  trunnions  near  one  end.  The  long  end  of  the  beam  is 
weighted  with  a  heavy  head.  The  hammer  is  raised  bj'  the  action 
of  the  wiper  of  a  cam  which  depresses  the  short  arm.  This  raises 
the  head.  After  the  cam  has  turned  so  as  to  release  the  higon  the 
short  arm,  the  head  falls  by  gravity  and  strikes  a  blow  upon  the 

The  Power  Hammer  differs  from  tlie  trip  in  that  the  s{ieed  of 
the  head  due  to  gmvity  is  increased  by  the  tension  of  a  spring.  In 
geneml  form  that  illustrated  by  Fig.  73  resembles  the  trip.  The 
power  hammer  pos-iesses  this  advantage  over  the  trip  hammer,  tliat 
the  intensity  of  the  blow  can  be  varied  at  will.  The  blow  of  the 
trip  hammer  is  always  the  same  in  intensity  and  is  that  dm;  to 
gnivity.  It  varies  only  in  the  rapidity  of  delivei-y.  In  a  pfiwer 
hammer  such  as  that  shown  in  Fig,  73,  the  smith  controls  the 
intensity  as  well  as  the  rapidity  of  the  blows  by  a  trcaiile.  Power 
)ianmii'n«  are  made  of  various  sizes  captible  of  doing  a  correspond- 
ingly wide  range  of  work. 
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5tcam  Hammers  liave  nlmost  entirely  supplanted  tiip  liani 
mers  for  heavy  work.  An  oiiiinary  fonn  of  steam  liaiiimer  is 
shown  in  Fig.  74,  Its  essential  parts  sire  an  invei-ted  steam  cylin- 
der, to  whose  piston  rod  the  hammer  heatl  in  attached,  and  the 
frame  for  citrrj-ing  the  whole.  The  hammer  is  i-aised  hy  admittiiig 
steam  beneath  tlie  piston.  The  blow  is  dealt  by  e\huusting  the 
steam  from  beneath  tlie  piston  :  nd  admitting  it  above  the  same- 


Fig.  73. 

The  head  is  tliua  accelerated  by  gravity  and  the  pressure  of  steam 
above  the  piston.  The  valve  gear  is  so  arranged  that  the  intensity 
of  the  blow  may  be  varied  by  changing  the  amount  of  steam 
admitted  to  the  piston  on  its  downward  stroke.  The  steam 
admitted  I<elow  on  the  same  stroke  formsa  cushion  for  the  altsorjj- 
tion  of  the  momentum  of  the  head.  In  this  way  the  lightest  of 
tn|iM  and  the  heaviest  of  blows  oaii  be  delivei-ed  by  the  same 
hammer.  Tliese  hanmicrs  ai'e  also  made  in  a  great  variety  of 
sizes.  The  head  and  piston  of  the  lighter  classes  weigh  hut  a  few 
hundred  ponndti.  The  great  hammer  at  the  Bethlehem  Iron 
WxrkK,  has  these  same  parts  one  hundre<l  and  twenty-five  tons 
in  weight. 
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Punches  are  used  for  punching  holes  in  metal  and  are  of  a 
great  variety  in  eizu  and  design.  Such  a  machine  is  ahown  in  Kig. 
75.  A  lieavy  fly  wlieel  is  kept  in  continuous  motion  by  a  belt  of 
coiujfai-atively  narrow  width.    The  punch  ia  operated  directly  by  a 


Fig.  75. 


cam.  The  tunnection  between  the  two  is  mjule  by  means  of  a 
clutch  cunti-oUed  by  the  oiKinitw-.  Tlie  puncli  is  drawn  to  its  liigh< 
est  point ;  the  work  is  adjusted  beneath  it  and  the  clutcli  conneu- 
tioii  made.  The  energy  stored  in  the  heavy  flywheel  forces  the 
punch  down  and  tlirougli  the  metiil.  As  tlie  punch  conies  up  out 
of  tlie  metal  the  clutch  is  thrown  out  of  gear,  and  the  fly  wheel 
stores  tlie  energy  needed  for  tlie  uext  stroke  of  work. 


poRorao. 
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Shears  ore  for  the  purpose  of  mtting  bars  or  plates.  A  con- 
venient and  pone  ful  f  rm  of  ud  a,  inichme  i«  si  wti  in  Fig,  76. 
It  ia  operated  on   tlie    same  principle  aa  the  punch  previously 


described.  In  the  nctiial  operation  of  the  shears,  however,  the 
clutch  w  not  usually  thrown  out  of  gear  between  ea(.h  NucceBsive 
stroke  of  the  cutter.     Where  metal  is  being  cut  to  length  in  quan- 


he  iron  I 


ilBimlly  lioltcd  nii,  liti.'k  c.f  tlie  i-uttt'r.  The  iron 
iHt  thin  ns  tl:<>  cutter  lisis  unit  Is  out  to  imifoi'in 
fiiiH'B  down.  When  Hbemng  plates,  the  line  of 
■xt  marked  with  t^hitlk,  a  scriber  or  by  center  punch 
liite  is  then  pushed  twtween  thi-  cutter  as  the  iipjipr 
It     x'ing  hehl  there,  is  out  sim  it  couies  down. 

many  other  miiehines  of  fnims  intended  for  s{>ec!at 
at  are  uHed  in  blacksmith  shops.  Among  thes<>  may 
ed  drop  forges,  bending  machines,  pi'esses,  l«It  hpaders, 

J   Forgea  are  used  for  quickly  forming  complicated  ediapoB 
.■ought  iron  or  steel.     They  con.'*ist.  as  the  name  indii-ates, 
t  utind  that  may  be  "  dropjied  "  from  any  dpsired  height  upon 
to  be  shaped.     The  Iiead  of  the   dmp  and  the   anvil  are 
n  of  dies.     As  they  come  together  the  metal  is  forced  to 
'  m>  as  to  fill  the  interetiees  and  thus  take  on  the  form  desired, 
jp  forging  the  metal  must  be  heated  to  a  Iiigh  temperature 
•IS  to  be   in  a  soft  and  plastic   condition.     A   light  straw  color 
n  for  most  work. 
itending  riachines  are  of  great  varietiet>  and  are  nsed  where    | 
1  shapes  are  to  Ije  thiplicated  in  quantities.  , 

I'resses  sen-e  ihe  same  purpose  as  drop  forges,  Theydotbe 
work  more  slowly,  however.  Tlie  class  of  work  is,  in  some  respects, 
the  same.  The  princi])al  difference  lies  in  peculiarities  of  shape 
that  retjiiii'e  different  time  intervals  for  the  flow  of  the  metal. 
Where  the  shape  is  sneh  that  tho  metal  must  nmve  slowly  iu  order 
lo  iiccpiire  its  new  shape  or  till  tlie  die.  the  pre.^is  should  be  used. 
Bolt  Headers  are  really  upsetting  niaehiin's  that  form  the 
iieads  of  bolts  upon  sliaight  rod.s.  Owing  to  the  rajiidity  with 
which  they  do  their  work,  they  are  iuvaiiahly  used  for  manufac- 
turing holts  iu  quantities. 

Reverberatory  Furnaces.  It  has  been  shown  that  for  light 
work  in  the  blacksmith  shop  the  open  fii-e  either  of  anthracite  or 
bituminous  coal  will  give  Siitisfaetory  results.  In  l>oth  of  these 
cases  the  metal  to  be  heated  is  iu  direct  contact  with  the  fuel. 
The  same  is  true  in  the  ease  of  the  cujtola  where  iron  is  melted  as 
shown  in  "Foundry  Work,"  A  reyerheratory  or  air  furnace  is 
'*  a  furnace  in  which  ore,  metal  or  other  material  is  exposed  to  the 
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aotioD  of  flame,  hut  not  to  the  contact  of  burning  fuel.  The 
uame  passes  over  a  bridge  and  then  downwaid  upon  the  material 
spread  upon  the  liearUi."  Such  furnaces  lire  extensively  used  in 
shops  wheti!  heavy  work  is  being  executed,  I'hey  are  also  used 
for  melting  iron  or  other  metals.  For  this  purpose,  however,  they 
are  not  economical  since  tliey  require  about  twice  ae  much  fuel  as 
that  used  in  the  cupola  fur  the  production  of  good  hot  iron.  To 
be  effective  the  flame  nmst  be  made  to  reverberate  from  the  low 
roof  of  the  furnace  down  upon  the  hearth  and  work.  The  form 
of  the  roof  and  the  velocity  of  the  currents  determines  tlip  hottest 
[jart  of  the  furnace. 


Fig.  77. 


A  common  form  of  reverberatorj'  furnace  is  siiowu  in  Fig,  77. 
The  whole  is  lined  with  fire  brick  from  the  top  of  the  grates  to  the 
top  of  the  stac^k.  The  fuel  is  burned  in  a  fire  box  separated  from 
the  heatiug  portion  of  the  furnace  by  a  low  bridge  wall  D,  Access 
to  the  grate  is  obtained  by  suitable  doors  both  above  and  below. 
When  in  senice  both  doors  are  tightly  closed  and  a  strong  forced 
draft  is  admitted  to  the  ash  pit.  Beyond  the  bridge  wall  is  the 
furnace  proper.  This  usually  consists  of  a  low  chamber  with  a 
level  floor.  Like  the  fire  box  it  is  completely  lined  with  a  thick 
wall  of  fire  brick.  Access  is  obtained  to  this  chamber  through  a 
vertically  sliding  door  as  shown  in  the  front  elevation  of  the 
fumice,  Fig.  78.  These  doore  ai-e  also  lined  with  fire  brick  and 
are  usually  suspended  from  chains.  These  pass  over  pulleys,  and 
have  counter  balancing  weights  at  the  other  end. 

The  operation  of  the   furnace  is  exceedingly  simple,     .\fter 
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the  fuel  )ias  been  chained  upon  the  grates,  the  ash  pit  and  furrace 
doors  ai'e  closed  ;  the  material  to  be  heated  is  put  upon  t)ie  tloor 
of  the  chamber  ;  the  doors  are  cloeed  and  the  draft  admitted  to 
the  ash  pit.  The  tluck  walls  ^rhich  surround  the  furnace  prevent 
radiation  of  its  heitt.  The  fire  brick  are,  therefore,  heated  to  incan- 
descence and  the  hot  gattes  sweep  through  the  chamber.  The  flow 
of  the  gases  is  usually  checked  by  a  choke  damper  on  t<)p  of  the 
stack. 

The  outer  form  of  these  furiiiires  in  usually  rectangular.      Its 


brick  witlla  are  tied  (ogetJief  by  stay  rods  io  prevent  bulging  and 
the  coi'neitj  are  protected  by  iiiigle  irons. 

The  selection  of  the  fuel  is  an  iinporUmt  matter  in  the  opera- 
tion of  these  furnaces.  Experiments  hiive  been  made  with  almost 
every  kind  of  fuel.  That  now  universally  used  is  a  soft  bitumin- 
ous coal  that  will  not  cake. 

Steam  or  power  hammci's  are  always  used  in  connection  with 
these  furnaces.  The  work  is  too  large  and  heavy  for  manipulation 
by  hand  hammers. 

An  ordinary  class  of  work  done  with  them  is  the  welding  of 
slabs  from  small  pieces  of  scrap.  To  do  this  a  rough  pine  board 
about  12  inches  wide  and  freni  15  to  18  inches  long  is  used.  On 
it  is  neatly  piled  about  200  pounds  of  small  scrap  pieces.  This 
material  is  then  bound  to  the  boards  by  wires,  and  the  whole  is 


placed  upon  tbe  heartli  of  the  furnace.  It  ia  allowed  to  remiun 
until  tlie  whole  mas«  is  at  a  welding  heat.  When  in  this  condition, 
tli«  plastic  aiirfaces  of  the  pieces  serve  to  stick  them  together,  so 
that  the  whole  mass  can  be  handled  aa  a  single  unit  by  the  tongs. 
The  board,  of  course,  bums  away  leavmg  the  metal  on  the  hearth. 
The  metal  is  then  lifted  out  and  placed  under  the  steara  hammer. 
A  few  light  blows  serve  to  do  the  welding.  After  this  heavier 
blows  are  struck  and  the  mass  is  hammered  into  any  shape  that 
may  be  desired.  Usually  this  first  hammering  gives  it  the  form 
of  a  slab.  Slabs  thus  made  are  cut  up  and  again  welded  to  form 
tlie  metal  for  the  final  shape. 

In  tlie  piling  of  the  metal  upon  the  board  or  ghirtgle,  as  it  is 
called,  great  care  should  be  exeixsised.  Iron  and  steel  should  not 
lie  piled  together.  Rusty  metal  should  be  cleaned  before  being 
put  in  the  pile.  Large  air  spaces  between  the  pieces  should  be 
avoiiled.  The  whole  mass  should  be  packed  together  as  compactly 
us  possible.  It  will  improve  the  quality  of  the  slab  if  the  pieces 
are  laid  upon  the  shingle  with  the  grain  of  the  metal  running  in 
the  same  direction.  This  is,  however,  very  difficult  or  quite 
imponaible  to  accomplish. 

The  handling  of  heavy  work  under  the  hammer  varies  some- 
what from  the  method  employed  with  the  light  work  previously 
described.  The  heavy  work  is  all  supported  and  moved  by  cranes. 
The  ordinary  method  is  to  suspend  the  piece  by  an  endless  chain 
fi-oni  a  point  near  its  center  of  gravity  as  shown  in  Fig.  79.  This 
endless  chain  is,  in  turn,  carried  by  a  sheave  that  may  be  raised 
or  lowered  by  the  mechanism  of  the  crane.  Such  a  suspension 
Induces  the  labor  of  lialancing  to  a  minimum  and  permits  the  work 
being  turned  to  suit  the  blows  of  the  hammer. 

If  the  work  is  so  lai^  that  only  a  portion  of  it  is  heated  at 
one  time,  it  may  be  grasped  and  manipulated  from  the  cold  sec- 
tions. Usually  a  cross-lever  is  Irolted  to  such  pieces,  thus  adding 
1(1  the  leverage  and  facilitating  turning.  Where  the  whole  piece 
is  hot  it  may  be  held  by  tongs  of  a  suitable  size  or  shape.  Such 
tongs  are  commonly  made  with  crossbars  to  afford  the  neceaaary 
leverage  for  turning.  Sometimes  the  tongs  are  dispensed  with  and 
mportir  bar  is  used.     Such  a  bar  is  welded  to  the  piece  being 
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worked  to  serve  as  a  handle  in  its  manipulation.  It  is  cut  oflf  Tirhen 
the  work  of  forging  has  been  completed. 

Connecting  rods.      In  every  shop  where  steam  engines  are 
manufactui*ed  the  smith  is  called  upon   to  forge  the  connecting. 

rods.  These  are  of  great  variety  in  size  as  ^well 
as  in  the  shape  of  the  stub  ends.  They  are 
preferably  forged  of  a  single  piece ;  but  may  be 
made  from  two  or  three.  When  of  two  pieces, 
the  stub  ends  and  one-half  the  rod  are  made  in 
one  piece  with  the  weld  in  the  center.  When 
of  three  pieces  each  stub  end  and  center  of  the 
rod  is  forged  separately  and  then  welded 
together.  The  form  of  the  stub  ends  varies 
with  the  method  used  in  fast4?ning  the  brasses 
in  position. 

In  order  to  forge  a  connecting  rod  of  mod- 
erate dimensions,  proceed  as  follows:  Let  us 
consider  a  rod  having  Hat  stub  ends  suited  for 
brasses  fitted  with  straps  and  keys.  A  block 
is  first  hammered  down  to  a  sectional  area 
approximating  that  of  the  stub  ends.  It  is  then 
fullered  out  at  H  H  ( P'ig.  80).  After  this  has 
been  done  the  central  portion  of  the  rod  is  di-awn  out  to  the 
tliameter  and  length  desired.  The  finished  forging  is  shown  in 
Fig.  81.  Special  care  is  required  in  the  calculation  of  the  weight 
of  the  rod's  central  portion  :  Also  in  the  determination  of  weight 
for  the  corresponding  section  of  the  block  and  the  proper  location 
of  the  fuller  marks  H  H.  Unless  these  are  properly  located  the 
proper  weight  or  length  of  the  rod  center  will  not  be  obtained. 

Shafts.  The  forging  of  shafts  for  steam  vessels  is  an  impor- 
tant piece  of  work  and  demands  close  attention  to  every  detail. 
A  most  important  thing  for  the  smith  to  know  before  beginning 
work  is  the  location  of  the  bearings.  He  should  then  select  his 
material  and  put  it  together  in  such  a  manner  that  no  joints  or 
welds  shall  occur  at  these  points.  The  iron  selected  should  be  of 
new  puddled  metal,  or  if  of  steel,  from  an  ingot  newly  made.  If 
the  latter  is  used  the  portion  for  the  shaft  should  be  cut  from  the 
lower  end  of  the  ingot.     This  avoids  the   laminations  due  to  the 
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piping  that  usually  occurs  in  the  upper  portions  of  all  large  ingots. 
Where  steel  of  this  character  is  used  the  work  is  simplified  by  the 
fact  that  it  consists  of  drawing  the  ingot  down  to  the  desired 
diameter  and  length.  When  iron  is  used  the  first  pile  built  up 
should  be  about  three  feet  long,  bound  together  at  the  ends  with 
soft  iron  binders  and  with  a  porter  bar  set  in  at  one  end.  If  the 
furnace  is  large  enough,  the  whole  of  the  pile  may  be  heated  at 
once.  If  not,  then  a  suflBcient  length  to  reach  beyond  the  first 
bearing  is  welded.  Three  piles  of  this  sort  will  suffice  for  a  shaft 
12  feet  long.  If  the  bearings  are  at  or  near  the  ends,  this  will  put 


Fig.  80. 


Fig.  81. 


the  welds  in  the  central  section.  A  suitable  form  of  scarfing  for 
the  weld  of  such  a  shaft  is  that  shown  in  Fig.  51.  It  is  best  when 
welding  such  a  piece  to  close  the  joint  by  driving  the  pieces  end- 
wise. Then  reheat  the  whole  and  finish  the  weld  under  the  steam 
hammer  in  the  ordinary  manner.  It  is  important,  however,  to 
forge  the  whole  shaft,  if  possible,  of  one  large  piece.  This  avoids 
all  necessity  for  any  welds.  The  progressive  appearances  of  such 
a  shaft  from  the  rough  piece  to  the  finished  product  are  shown  in 
Fig.  82.  In  this,  A  is  the  fagot  that  is  first  heated  and  to  which 
the  porter  bar  a  has  been  welded.  B  represents  the  piece  after  the 
first  hammering.  It  has  been  reduced  in  section  in  the  center  and 
made  round.  The  ragged  ends  are  stiU  left  in  an  enlaiged  shape. 
C  shows  the  results  of  further  hammering  with  a  portion  of  the 
enlarged  ends  worked  down  into  the  boc^  of  the  shaft.    D  iUqih 
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tnttes  the  completed  shaft  with  the  crop  ends  oat  off,  the  ends 
smooth  and  the  whole  ready  for  the  machine  shop. 

The  working  down  of  such  a  shaft  as  this  requires  constant 
care  during  each  step  of  the  process.  In  the  first  place  the  heat- 
ing must  receive  close  attention.  The  roetjtl  should  be  heated  to 
a  dark  straw  color.  Tliis  should  be  done  slowly.  If  the  metal  is 
tAken  out  of  the  furnace  after  a  too  rapid  heating,  it  will  be  found 
that  the  center  in  at  a  much  lower  temperature  than  the  outside. 
The  result  of  a  blow  delivered   to  metal  in  such  a  condition  will 
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cause  the  outside  to  flow  over  the  coole.  jore.  Such  a  movement 
will  be  apt  to  cause  the  met;il  to  crack  and  leave  cold-shnts  in  the 
body  of  the  shaft.  A  cold-shut  is  a  crack  or  epjice  over  whose  sup- 
face  the  metal  is  not  united.  They  usually  occur  where  aa 
imperfect  weld  lias  been  formed.  The  action  above  described  may 
produce  a  condition  resembling  a  cold-shut. 

While  the  metal  is  at  such  high  temperatures,  scale  forms 
with  great  rapidity.  Scale,  as  already  stated,  is  an  oxide  of  iron. 
It  can  usually  be  brushed  from  the  surface  of  tlie  metal  with  per- 
fect ease.  During  the  process  of  hammering,  a  man  should  be 
stationed  at  the  hammer  with  a  longhandled  brush  with  which  he 
should  remove  the  scale  as  rapidly  as  it  iii  formed.  If  it  is  allowed 
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to  remain  upon  this  soft  and  plastic  material,  the  hammer  is  apt  to 
imbed  it  in  the  body  of  the  metal.  Succeeding  blows  may  cause 
the  metal  to  flow  over  it,  so  that  cold-shuts  are  formed. 

When  possible,  the  whole  piece  should  be  heated  in  the  fur- 
nace. Under  these  circumstances  the  hammering  should  be  over 
the  whole  surface  and  not  confined  to  any  one  place.  If  the  work 
is  evenly  distributed,  the  metal  fl<^ws  evenly,  and  there  are  no 
weaknesses  developed  by  distortion.  But  if,  on  the  other  hand, 
an  excessive  reduction  is  made  at  any  one  point,  the  hammering 
that  must  afterwaixis  be  done  on  the  untouched  section  will  cause 
a  weakness,  due  to  a  distortion  of  the  metal.  If  such  hammer- 
ing is  done  at  the  same  heat  the  metal  in  the  larger  is  worked  at  a 
lower  temperature  tlian  in  the  first  section.  If  the  piece  is 
reheated,  the  smaller  section  will  be  raised  to  a  higher  tempera- 
ture than  the  larger  and  the  metal  at  the  junction  cf  the  two  will 
probably  be  weakened  by  distortion  and  a  flow  at  such  unequal 
temperatures.  In  many  cases  the  furnace  can  heat  but  one  end 
at  a  time.  When  working  metal  lieated  in  this  manner,  only  a 
small  amount  of  hammering  should  l)e  done  each  time.  The  piece 
should  be  reduced  gradually,  first  at  one  end  and  then  at  the  other. 
This  will  prevent  the  foimation  of  deep  shoulders  and  the  conse- 
quent weakening  of  the  shaft  at  that  point.  It  also  avoids  the 
wide  variation  in  the  tempemtures  for  the  different  sections. 

We  have  seen  that,  at  high  temperatures,  the  formation  of 
scale  is  very  rai)id.  When  of  a  straw  or  light  red  color,  the  scale 
forms  in  flakes  that  may  be  easily  brushed  away.  It  is  jilso  thick 
and  heavy.  During  the  early  stages  of  the  foi*ging  the  temperar 
ture  of  a  heavy  shaft  should  not  be  allowed  to  fall  below  a  light 
red.  As  soon  as  it  comes  down  to  this  point  hammering  should 
cease  and  the  piece  be  put  back  into  the  furnace  for  reheating. 
During  this  early  period,  it  is  therefore,  quite  sufficient  to  brush 
the  scale  away  as  previously  directed.  As  the  shaft  approaches 
completion,  it  is  however,  desirable  to  do  the  finishing  work  at  a 
lower  temperature.  The  formation  of  scale  then  becomes  trouble- 
some, as  it  is  more  and  more  adhesive.  If  allowed  to  remain  upon 
the  metal  it  may  so  covor  the  latter  with  an  opaque  coating  that 
the  piece  will  appear  black  and  cold,  whereas,  it  may  actually  be 
at  a  light  red  heat.    The  adhesion  of  the  scale  pierents  it  from 
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being  brushed  away.  It  is,  therefore,  customary  to  torn  a  small 
stream  of  cold  ^vater  upon  the  metal  during  the  last  or  finishing 
liammering.  Thia  treatment  looeena  the  scale,  and  is  continued 
until  the  metal  lias  cooled  to  a  dark  red,  when  the  final  coating  of 
scale  will  form.  This  com^iletely  encases  the  body  metal  and 
serves  as  a  tolerably  efficient  protection  against  rust. 

The  metal  should  be  worked  until  it  lias  been  cooled  to  a  dark 
red.  There  is  a  two-fold  object  in  this.  Tlie  metal  is  thoroughly 
compact  and  the  scale  is  of  the  dark  blue  color  that  affords  the 
most  efficient  pi-otection,  Caie  should,  however,  be  exercised  that 
the  hammering  is  not  prolonged  until  the  temperature  is  too  low. 
Great  injury  may  be  done  to  mctid  if  tliis  occurs.  This  is  espe- 
cially true  of  steel.  After  the  red  has  disappeared  the  metal  comes 
into  what  is  known  as  the  critical  temperature,  noticeable  from  the 
blue  color.  As  an  example  of  the  effect  of  this  blue  temperature, 
which  ranges  from  about  550°  to  800"  Falir.,  that  of  boiler  steel 
may  be  cited.  It  should  be  possible  to  bend  a  plate  of  good  boiler 
steel  double  either  when  cold  or  at  a  ixid  heat,  without  having  it 
show  any  crack  or  flaw.  If,  however,  an  attempt  is  made  to  bend 
the  same  piece  of  steel  when  it  is  atablue  heat,  it  will  crack  at  an 
angle  of  from  90°  to  120°.  Therefore  steel  should  not  be  worked 
below  a  dull  red  heat. 

The  quality  of  a  forging  depends  to  a  great  extent  upon  the 
amount  of  work  that  is  put  upon  it.  Two  pieces  of  metal  may 
have  exactly  the  same  clieniieal  properties  and  yet  be  entirely 
different  in  their  physical  characteristics.  If  one  is  rapidly  fonjod 
in  a  single  heat  and  at  high  temperature  down  to  the  finished  size, 
it  will  be  much  weaker  than  another  where  the  work  has  been 
done  more  slowly  and  by  rei>eated  heating,  TTie  work  done  on  the 
metal  condenses  the  material,  adds  to  its  strength  and  increases  its 
wearing  qualities.  It  is  the  investment  of  labor  for  which  dura- 
bility and  strength  are  returned  as  a  dividend. 

Crank  Axles.  An  important  piece  of  work  is  the  making  of 
crank  axles  for  steam  engines  either  for  marine  or  stationary  ser- 
vice. In  order  to  forge  a  small  two-arm  crank-shaft  like  that 
shown  in  Fig.  83,  a  soft,  tenacious  piece  of  metal  should  be  selected^ 
one  that  can  be  easily  upset.  It  is  well  to  use  iron  whose  diain> 
eter  is  equal  to  that  of  the  finished  shaft.     If  the  shaft  is  to  Im 
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very  long  it  will  Ije  well  to  forge  the  cmnk  separately  and  then 
weld  it  in  position.  Fii-st  determine  the  position  of  the  cmnk-pin 
by  adding  the  length  of  one  arm  to  one  end  of  the  shaft.  This 
gives  the  eonimeneenient  of  the  crank-pin.  From  this  point  to  a 
shoi-t  distance  beyond  the  other  end  of  the  crank-pin  the  metal 
should  fii-st  I)e  upset.  This  upsetting  should  l)e  done  at  or  near 
a  welding  heat  and  should  make  the  l>ar  al)out  one-quarter  larger 
than  the  original  diameter.  The  work  must  next  l)e  uf^set  at  the 
base  of  eaijh  arm.  These  i)oints  are  located  on  each  side  of  the  cmnk- 
pin  at  distiinces  equal  to  the  length  of  the  arm.  The  u[)setting  at 
these  [Kiints  should  Im  such  as  to  produce  about  the  same  increase 
of  diameter  as  before.     This  will  leave  the  piece  in  the  condition 
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Fig.  84. 

shown  by  Fig.  84.  After  the  upsetting  the  firat  bending  should 
be  done  at  one  end  of  the  intended  crank-pin ;  the  next  should 
be  at  the  other  end.  If,  however,  the  pin  is  to  be  very  short, 
a  single  bend  may  be  used,  leaving  the  piece  in  the  form 
of  a  longlegged  U.  During  the  whole  of  this  work  the  diam- 
eter of  the  cmnk-pin  is  of  far  less  importance  than  the  length. 
The  latter  should  Ije  so  adjusted  that  the  metal  in  the  arms  at  each 
end  will  just  clean  up  in  the  lathe,  and  leave  the  pin  of  the  proper 
length.  The  only  precaution  necessary  in  regai-d  to  the  diameter 
is  that  it  shall  be  large  enough.  If,  when  the  bends  have  been 
made  it  is  found  that  the  pin  is  too  short,  it  may  be  stretched  with 
the  fullens.     If  it  is  too  long,  it  should  be  reheated  and  upset. 

After  the  length  of  the  pin  has  been  properly  formed  thQ 
throw  is  made  by  bending  back  the  two  ends.  This  should  be 
done  when  the  pin  is  cool  enough  to  retain  its  shape  while  the 
work  is  being  done  on  the  adjoining  parts.  It  is  well  to  cool  the 
pin  in   water    before  doing  the  work.      When    this  bending  it 


465 


'if  i 

'■  I 


i:'*^>ii  1  •:' 


"  .1  i 

•I- 1  ■,'••  !• 

;■;,  v.iij 

ii.       ;  ff 


,iil&t 


60  FORGING. 


of  iron  at  60**  and  at  900®  is  .0054  of  its  length  when  cold.  Sup- 
pose then,  we  have  the  side  rods  of  a  locomotive  to  weld.  If  they 
are  to  be  9  feet  long  when  finished,  they  must  be  9  feet  0.58 
inch  long  when  at  a  red  heat.  This  means  that  in  the  rough 
slightly  more  than  J-  inch  must  be  allowed  for  contraction.  If 
only  a  portion  of  the  rod  is  heated  the  allowance  is  to  be  proiX)r- 
tionately  less. 

The  tempering  of  stt^cl  tools  has  aheady  been  discussed.  In 
such  work  only  a  small  portion  of  the  metal  needs  to  l>e  tempered. 
Springs  require  a  slightly  different  treatment.  They  must  be 
tempered  throughout  their  whole  extent.  The  ordinary  method,  of 
tempering  a  steel  spring  is  to  heat  it  to  a  cherry  red  and  then 
cool  it  by  plunging  into  a  bath  of  oil.  This  ti-eatment  hardens 
the  metal  but  does  not  give  it  the  same  degree  as  plunging 
into  water.  The  reason  is  that  the  oil  does  not  absorb  the  heat 
of  the  metal  as  rapidly  as  the  water,  with  the  result  that  the 
.  ,  i^, .  coolincf  takes   place  more   slo>vly.       ►Mtch    treatment   leaves   the 

;'|}|jjjj|;  metal  harder  than  in  its  annealed  condition,  and  yet  not  as  hard 

as  when  plunged  into  water.  This  intermediate  condition  is  suit- 
able for  service  as  a  spring.  The  lyest  results  can  probably  be 
obtained  if  whale  oil  is  used  for  the  bath. 
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Tlie  art  of  welding  iron  is  probably  as  old  as  the  earliest  pro- 
duction of  that  metal  by  man;  in  fact,  the  reduction  of  iron  in  the 
primitive  forges  demanded  the  union  by  welding  of  the  reduced 
particles,  for  no  true  fusion  could  have  resulted,  the  percentage  of 
carbon  present  being  too  low.  Until  the  closing  years  of  the  last 
century  iron  was  the  only  weldable  metal,  if  we  except  gold  and 
platinum,- -too  expensive  for  common  application. 

The  fact  that  nearly  pure  iron,  so  difficult  to  melt,  becomes 
quite  plastic  at  high  temperatures,  while  the  oxide  or  black  scale 
melts  long  before  the  metal  itself  becomes  fluid,  thus  providing  a 
li(][uid  flux  which  is  squeezed  out  during  the  process  of  union, 
accounts  for  the  unique  position  which  iron  held  until  recent 
years.  When,  however,  the  heating  effects  of  electric  current 
energy,  so  perfectly  under  control,  were  applied  to  weld  metals,  a 
metal  or  alloy  which  would  not  weld  became  the  exception,  instead 
of  the  rule,  as  before.  Much  of  the  former  work  of  the  smithy 
fire  is  now  accomplished  by  the  electric  welding  transformer,  and 
although  many  metals  are  easily  manipulated  by  the  electric  proc- 
ess, iron,  of  course,  still  occupies,  as  ever,  the  principal  place. 

The  electric  weld  is  becoming  a  more  and  more  important 
factor  in  many  industries.  During  recent  years  the  extension  of 
its  application  has  been  steady,  and  each  year  has  witnessed  its 
entrance  into  new  fields.  Sometimes,  indeed,  new  manufactures, 
or  new  ways  of  obtaining  results  have  been  based  upon  its  use. 
The  electric  welds  under  consideration  are  the  results  of  that  oper- 
ation of  uniting  two  pieces  of  metal  by  what  is  known  as  the 
Tliomson  process,  first  brought  out  by  the  writer  and  rendered 
available  in  commercial  practice  a  considerable  number  of  years 
ago.  The  rapidity,  flexibility,  cleanliness,  neatness,  accuracy,  and 
economy  of  the  electric  process  has  won  for  it  such  an  important 
standing  in  the  arts  that  many  future  extensions  in  its  application 
are  assured. 


Note  :  This  article  by  Prof.  Elihu  Thomson,  the  inventor  of  the  sys- 
tem of  Electric  Welding,  first  appeared  in  (y'aaaiera'  Magazine,  and  is  heie 
reprinted  by  special  permission. 


3  ELECTRIC  WELDING 

The  uniformity  of  the  work,  the  control  of  the  operation,  did 
extreme  lot-'alisation  of  the  heat  to  the  particular  parts  to  li 
iinili'd,  and  the  fatt  that  the  process  ia  not  limited  to  iroo  an 
Bteel,  Imt  can  deal  equally  well  with  other  metals,  such  as  coppei 
hraea,  bi-onzes,  and  even  lead,  are  character] sties  of  the  electri 
welding  operation. 

The  Electric  Welder.  In  its  sinipleet  form,  an  eleotri 
welder  consists  of  a   B|>ecial  transformer,  the  primary   eircnit  a{ 


which  receives  current  from  an  electric  station  or  dynamo  gen^'. 
ator,  at  a  voltage  usually  from  one  hundred  to  five  hundi«d 
times  that  required  to  make  a  weld.  The  copper  secondary  eiroait 
ly  a  single  turn   of  very  large 


of   the   transformer  ia  generally 
section,  so  that  it  may  develop  a 
1  electric  pi 


two  to  four  volti 

the  least  eifect  of  shock,  and 

;uring   perfect   insulation. 
clamps 


■  vises,  attached  to  o 


extremely  heavy  current  at  from 
assure  so  low  that  it  cannot  give 
i  for  which  there  is  no  difficulty 

Tlie  work  piecea  are  held  in 
rried  npon  the  terminals  of  the 
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single- turn  secondftry  circuit.  The  control  of  the  clamping  devices 
and  the  current  switch  is  either  manual,  or,  in  some  cases,  entirely 
automatic.  Withont  attempting  to  enameratfi  the  inauy  applica- 
tions of  electric  welding  in  the  arts,  we  may  refer  to  a  few 
e  sail!  pies. 

Applications.  In  the  waggon  and  carriage  iudnstry  the  proc- 
ess is  applied  in  the  production  of  tires  of  all  sections,  axles,  bub, 
spoke  and  sand  bands,  tifth  wheels,  shifting  rails,  steps,  shaft  iron, 
etc.,  while  it  has  found  a  large  use  iu  the  welding  into  continuous 
strips  or  bands  of  the  wires  inclosed  in  rubber  tires  for  holding 
them  in  place.  The  larger  part  of  the  dash-frames  used  in  car- 
riages in  the  United  States  are  now  probably  made  by  electric 
welding,  while  iron  and  steel  agricultural  wheels  are  built  up,  or 
have  their  parts  nuited,  by  electric  welds. 

To  enumerate  the  many  applications  to  the  bicycle  industry 
would  be  almost  to  catalogue  most  of  the  metal  parts  of  this  nee- 
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fnl  machine.  It  must  be  borne  in  mind,  too,  that  a  welding 
machine,  slightly  modified,  is  equally  applicable  for  locally  heat- 
ing parts  in  electric  brazing  or  hard  soldering,  for  upsetting,  and 
for  bending  or  shaping.  Bicycle  crank  hangers,  pedals,  seat-posts, 
fork  and  fork  ends,  frames  and  brake  parts  thus  become  products 
in  which  the  welding  transformer  has  its  part.  It  has  found  a 
useful  field  also  in  tool  manufacture,  such  as  drills,  reamers,  taps, 
band  and  circular  saws,  drawing  knives,  carpenter's  squares, 
printer's  chases,  etc.,  etc.,  and  electric  welding  has  a  closely  related 
use  in  the  production  of  machine  parts.  Cam  shafts  and  crank- 
shafts  are  made  from  drop  forgings  welded  together,  teeth  are 
inserted  into  gear  wheels,  and  4eeth  are  welded  to  saw  bodies, 
including  stone  saws.  Such  things  as  inking  rolls  in  printing 
machines  and  fallers  for  looms  are  additional  examples. 

In  the  wire  industry  the  part  played  by  electric  welding  is 
already  quite  important,  and  becomes  steadily  more  so.  Besides 
the  mere  simple  joining  of  wires  of  iron,  steel  or  copper  into  long 
lengths,  the  welding  of  wire  or  strip  into  hoops  for  barrels,  tubs, 
pails,  etc.,  is  supplanting  the  older  forms.  Numerous  machines 
are  in  operation  turning  out  electrically- welded  wire  fence,  much 
as  a  loom  turns  out  cloth.  In  pipe  bending  and  coiling,  as  in 
uniting  ordinary  lengths  of  pipe  into  very  long  lengths  without 
screw  joints,  the  electric  weld  has  a  special  adaptability.  Hun- 
dreds  of  miles  of  street  railway  rails  have  been  welded  into  contin- 
uous  lengths  and  now  exist  in  many  cities.  AVTiere  rails  are 
bonded  only,  the  electric  welder  assists  in  the  production  of  brazed 
or  welded  bonds. 

It  is  a  wide  range  between  buckles,  typewriter  bars  and 
umbrella  rods  to  the  local  annealing  of  armour  plates  on  warships, 
but  the  electric  welder  covers  that  range.  It  is  no  wider,  how- 
ever, than  that  from  fine  wires  of  a  diameter  of  one-fiftieth  of  an 
inch  up  to  heavy  steel  wire  for  the  armour  of  submarine  cables, 
and  again  up  to  street  railway  rail  joints. 

In  recent  years,  elaborate  machinery,  for  the  actual  produc- 
tion on  a  large  scale  of  steel  tubing  from  flat  stock  or  skelp  by  the 
progressive  welding  of  a  longitudinal  seam,  has  been  put  into 
operation.  The  long  strip,  or  skelp,  is  rolled  up  so  that  its  edges 
meet.    In  this  condition  it  enters  between  the  welding  rolls,  which 
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pose  the  heating  current  locally  acrosa  the  edges  to  weld  tbem,  and 
tile  operation  is  progressive  from  one  end  of  the  pipe  to  the  other 
&B  it  is  fed  into  the  machiae.  The  result  is  a  pipe  of  which  the 
walls  are  of  eveu  thickuees  and  the  diameter  uniform.  This  pipe 
can  be  afterward  drawn,  if  needed,  to  the  exact  aiite  desired.  Very 
thin  pipe  can  be  made  of  steel,  the  longitudinal  eeani  or  weld  in 
which  is  a  delicate  bead  along  the  length, — a  beautiful  product, 
for  the  extreme  loeslisatiou  of  the  heat  has  allowed  preservation  of 
Burface  aud  IJnish  of  the  metal  outside  the  joint.     Taper  tubes, 
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such  as  are  used  for  bicycle  front  forks  and  the  like,  are  easily 
made. 

A  similar  machine  for  large  work  has  lately  been  constructed, 
and  by  its  use  large  diameter  tubes  or  shells,  up  to  16  inches  in 
diameter,  are  produced  from  sheet  steel  or  iron.  The  accompany- 
ing illustration  shows  such  a  machine  ready  for  operation.  The 
welding  transformer  is  at  the  top  of  the  machine,  and  the  second- 
ary circuit  has  for  its  terminals  two  copper  rolls  inclined  to  each 
other  on  two  nearly  horizontal  shafts  adjustable  in  position  over 
the  work.  Below  are  the  guide  rolls,  one  on  each  side  on  vertical 
shafts,  and  between  these  the  shell  to  be  welded  passes  with  its 
meeting  edges  uppermost  and  in  contact  with  the  copper  contact 
rolls.  As  the  metal  shell  passes  along  under  these  rolls  the  joint 
is  progressively  heated  by  the  welding  current  crossing  it,  and  the 
weld  is  finished  by  the  side  pressure  of  the  guiding  rolls.  The 
process,  as  well  as  the  resulting  welded  product,  is  unique. 

For  a  considerable  time  past,  welding  machines  have  been 
applied  to  the  production  of  bands  or  tires  from  stock  of  varying 
width,  thickness,  and  sectional  form.  More  recently  the  practice 
of  welding  plain  bands  or  cylindrical  rings,  and  afterwards  rolling 
them  with  the  form  of  section  desired,  has  been  largely  adopted; 
such  as,  for  example,  in  the  production  of  automobile  wheel  rims, 
bands  for  roving  cans,  stove  rings,  etc. 

Very  different  from  this  is  the  formation  of  crankshafts,  now 
demanded  in  great  numbers  for  engines  of  automobiles.     These 

are  made  from  drop  forgings  and 
— ]    r^  round  shaft  stock  by  uniting  the 

pieces,  as  in  the  annexed  sketch, 
and  afterwards  lightly  machin- 
ing and  finishing  the  approxi- 
mately  correct  shaft,  as  produced  by  welding. 

Besides  the  banding  of  wire  or  strip  of  such  comparatively 
frail  containing  vessels  as  barrels  or  pails,  the  electric  weld  finds 
application  in  the  forming  and  capping  of  metal  vessels  for  with- 
standing high  pressures,  such  as  soda-water  cylinders,  carbonic 
acid  reservoirs,  and  steel  bottles  for  nitrous  oxide  gas. 

One  of  the  most  interesting  of  the  more  recent  applications  is 
ihat  of  welding  hollow  steel   handles  on  cutlery,  such  as  table 
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knivee  and  forks.  TLe  operation  is  remarkable  for  the  celerity 
and  neatoesa  of  the  work,  the  articles  being  finished  by  silver- 
plating  and  polishing,  as  usual.  The  hollow  handle  is  drawn  from 
thin  steel,  and  united  to  the  knife  blade  or  to  the  fork,  as  the  case 
may  be,  in  a  special  welding  machine,  there  being  no  brazing  or 
other  operation  of  joint-forming  required.  There  is,  indeed,  no 
limit  to  the  delicacy  of  the  work  which  may  be  undertaken,  pro- 
vided only  the  welding  apparatus  is  equally  refined. 

Adjustments.  In  the  simpler  types  of  electric  welders, 
especially  where  the  machine  is  designed  to  do  a  variety  of  work, 
perhaps  of  different  forms  or  sizes  of  pieces,  or  both,  the  adjnst- 
meota  are  usually  manual^  that  is  to  say,  the  operations  of  clamp- 
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iug  tbe  pieces  and  applying  the  electric  current  'and  mechanical 
pressure  are  each  controlled  by  the  operator.  In  other  cases,  such 
as  in  the  welding  of  copper  or  aluminium  wire,  the  machine  is,  at 
leant  in  part,  automatic.  The  pressure  ia  automatically  applied 
and  the  welding  cnrrent  is  cut  off  automatically  upon  the  com- 
pletion of  the  joint;  the  placiug  of  tbe  pieces  in  the  clampe  aod 
tbe  switching  on  of  the  current  is.  in  this  case,  manually  per- 
formed. 

In   other,    more   completely   automatic,    types,   particularlv 
adapted  for  rapid  repetition  of  the  same  operation  on  identical 
pieces,  the  machine  nins  continuously,  and  its  sequence  of  actions  j 
ia  definitely  deterniiued   by   tbe  construction.     In  such  caaes   i 
gource  of  power,  as  by  a  Iwlt,  drives  the  machine,  tbe  movement  | 
BO  imparted  having  tbe  effect  of  clampiug  the  pieces  as  they  a 
fed  to  the  machine,  putting  on  the  current,  applying  the  preBsnre,  J 
cutting  off  the  current  and  releasing  tbe  pieces. 

Tbe  mechanism  which  has  been  developed  for  these  purposee  J 
displays,  in  many  instances,  much  ingenuity.  In  these  machines] 
the  duty  of  the  attendant  is  limited  to  the  mere  placing  of  the  pieces  I 
between  the  clamping  jaws,  just  before  they  are  clamped,  and  the! 
work  is  cbaracterised  by  rapidity  and  by  uniformity  of  tbe  results.  I 

More  completely  automatic  still  are  machines  for  the  produc- 
tion of  wire  fencing  and  for  the  consecutive  welding  of  the  links 
of  chains.  In  these  the  ojienition,  once  started,  goes  on  uninter- 
ruptedly so  long  us  the  work  holds  out.  or  until  Ibe  stock  under- 
going operation  is  exhausted.  In  the  fence  machines,  of  which 
fifteen  are  now  in  existence,  galvanised  iron  wires  are  fed  from 
reels  parallel  to  one  another,  at  distances  apart  depending  on  the 
mesh  desired.  These  may  correspond  to  tbe  warp  in  weaving. 
Transversely  to  these,  and  at  intervals  corresponding  to  the  mesh 
selected,  are  fed  wires,  cut  from  a  reel,  which  transverse  wires  are 
tbe  verticals  in  the  finished  fence  itself  and  correspond  to  the  weft 
in  weaving.  A  series  of  small  welders  are  automatically  brought 
into  operation  to  weld  each  transverse  wire  to  the  longitudinals 
where  the  two  cross.  This  done,  tbe  web  so  formed  moves  for- 
ward, the  operation  repeats  itself,  and  so  on  continuously.  The 
welding  is,  in  this  case,  practically  instantaneous,  and  all  of  the 
movements  of  tbe  machine  are  entirely  automatic. 
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III  this  way  it  is  pussililu  fur  u  eiuglu  tu&chine  to  tarn  out 
many  thunsanda  of  feet  of  fencing  per  day  with  a  width  of  inesh 
from  2  or  3  indies  up.  Leas  wire  is  used  than  where  the  jointB 
are  made  by  twists  or  loops,  and  the  stability  or  fixedness  of  posi- 
tion of  aiioh  joints  as  are  made  is  iinR'h  more  assured. 


ELECTRIC  CHAIN- WELDINO  MACHUIE. 

Joints.  While  in  most  eases  of  electric  welding  the  joint 
forms  what  is  known  as  a  butt  weld,  with  a  burr  or  extension  of 
metal  at  the  joint,  which,  according  to  conditions,  is  either  allowed 
to  remain  or  is  forged  down  or  dressed  off,  there  is  no  difficulty  in 
making  lap  welds  electrically,  and  some  of  the  recent  work  of  the 
electric  welder  is  of  that  character.     While,  too,  the  usual  welding 
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concerns  pieces  of  the  same  metal,  aa  iron  to  iron,  stet-l  to  ateel,  or 
copper  to  copper,  combination  welds  of  different  metala  are  made 
with  facility  in  many  cases,  as  when  brass  and  iron  are  iiaitijd. 

In  the  working  of  high-carbou  Bt««Is  the  usual  precautiona  to 
prevent  burning  or  injury  to  the   metal   are,  of  course,  required; 


but,  on  account  of  thu  delicacy  of  heat  control,  they  are  more  easily 
adopted. 

Quite  recently  satomatic  chain  welders  have  been  put  into 
Tise,  and  electrically -welded  chain  work  will  probably  soon  attaia 
an  iitiportance  not  Bccond  to  the  other  principal  applicationa 
which  have  been  briefly  described. 


THE  IDEAL  FOREMAN. 

Qualificatioiis  Requisite  for  Hid  Hig^hest  Success. 


Any  attempt  to  outline  an  ideal  is  apt  to  be  met  with  ipauy 
differences  of  opinion,  if  not  actual  denials.  One  reason  for  this 
difference  of  opinion  is  found  in  the  fact  that  ideals  are  always  on 
a  sliding  scale  The  ideal  of  to-day  becomes  the  realization  of 
to-morrow,  and  the  point  of  view  depends  upon  how  far  up  the 
ladder  of  idealism  the  observer  has  advanced.  To  borrow  an 
illustration  from  the  shop,  probably  every  workman  remembers 
that  on  entering  the  factory  as  an  apprentice,  his  boyish  ambitions 
were  centered  on  advancing  to  a  position  occupied  by  some  work- 
man well  up  the  line,  who,  in  the  opinion  of  the  apprentice,  was 
better  dressed  and  had  an  easier  task  than  his  fellows.  In  the 
course  of  time,  if  the  young  man  was  ambitious  and  persevering, 
he  probably  occupied  this  or  a  similar  position,  and  then  found, 
to  his  dismay,  that  his  ideal  had  changed,  and  that  he  now  looked 
forward  to  occupying  the  position  held  by  the  foreman  or  superin- 
tendent. In  other  words,  viewed  from  the  point  of  attainment,  an 
ideal  is  a  will-o'-the-wisp,  always  keeping  just  beyond  our  reach. 
It  is  well  that  this  is  so,  for  there  is  no  human  failure  so  complete 
as  the  man  who  is  entirely  satisfied  with  himself. 

From  another  point  of  view  the  ideal  is  a  movable  feast, 
because,  to  quote  an  example  from  our  subject,  the  ideal  foreman 
of  the  apprentice  is  not  that  of  the  skilled  mechanic,  while  the 
views  of  the  owner  on  this  subject  are  almost  sure  to  be  at  vari- 
ance with  those  of  any  of  the  workmen.  We  can  readily  appre- 
ciate how  the  bright  boy  idealizes  the  man  who  treats  him  kindly 
and  who  gives  him  an  opportunity  to  learn.  The  lazy  boy  feels 
kindly  dif^posed  toward  the  foreman  who  gives  him  an  easy  task. 
The  poor  and  careless  workman  wants  a  foreman  who  will  pass 
work  w^hich  is  not  a  credit  to  the  craft,  and  who  is  blind  to  the 
evils  of  laziness  and,  possibly,  to  those  of  the  drink  habit.  The 
skilled  workman  asks  nothing  of  a  foreman  but  to  be  treated  like 
a  man,  to  be  given  a  proper  share  of  the  desirable  work,  and  to  be 
allowed  to  work  out  his  own  salvation  along  these  lines.  The 
owner  looks  to  his  foreman  to  make  money  for  him.     In  many 
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cases,  he  expects  him  to  make  more  money  than  the  capital 
invested  and  the  methods  pursued  will  warrant.  This  means  that 
the  foreman  is  expected  to  crowd  the  workmen  to  the  limit,  and  to 
keep  both  the  plant  and  the  help  as  near  the  breaking  point  as  it 
is  possible  to  carry  them.  Some  owners  and  managers,  however, 
are  content  with  a  reasonable  return  on  their  property,  pursue 
up-to-date  methods,  and  give  to  the  workmen  some  thought 
beyond  their  mere  capacity  to  earn  dividends.  It  is  to  be  regretted 
that  men  of  this  type  are  not  more  often  found  in  positions  where 
their  humane  policy  can  be  held  up  as  an  example  to  those  of  a 
more  sordid  and  grasping  nature. 

It  having  been  shown  impossible  to  outline  an  ideal  foreman, 
when  viewed  from  these  different  standpoints,  evidently  the  dis- 
cussion of  what  a  foreman  should  be  can  be  no  more  than  a  state- 
ment of  the  personal  opinion  of  the  writer. 

Before  all  other  qualifications,  it  is  necessary  that  the  fore- 
man should  be  what  the  word  implies — first,  a  man;  and,  second, 
a  leader.  If  he  is  a  man  in  the  true  sense  of  the  word,  he  cannot 
fail  to  be  respected  by  all  self-respecting  workmen.  If  he  is  an 
honest  leader,  he  will  conduct  those  workmen  along  the  lines  laid 
down  by  the  owners  as  the  policy  of  the  establishment.  Too  often 
the  foreman  is  looked  upon  merely  as  the  buffer  between  the  firm 
and  the  men.  He  is  supposed  to  act  as  peacemaker,  and  to  keep 
them  from  flying  at  one  another's  throats.  Under  such  conditions, 
it  is  obviously  impossible  that  a  man  can  be  in  full  favor  with 
either  party.  Toward  the  firm  the  foreman  should  be  respectful, 
obedient,  and  energetic;  toward  the  workmen  he  should  be  firm, 
just,  and  sympathetic. 

Of  all  the  qualities  going  to  make  the  ideal  foreman,  that  of 
tact  is  the  most  important.  It  means  that  the  men  will  be  treated 
as  individuals,  their  failings  noted  and  corrected,  their  good  points 
enlarged  upon  and  due  credit  allowed  for  them,  and  that  the  shop 
life  will  be  freer  and  more  natural.  With  this  tact,  or  faculty  of 
governing  along  the  line  of  least  resistance,  must  be  coupled  abso- 
lute fairness.  Nothing  will  create  such  an  atmosphere  of  discon- 
tent  as  a  suspicion  that  the  foreman  has  favorites.  If  these 
supposed  favorites  happen  to  be  relatives  of  the  foreman,  the  idea 
is  much  harder  to  combat.     For  that  reason,  personal  friendship 
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and  family  obligations  will  be  left  outside  tbe  sbop  by  the  man 
who  wishes  to  succeed  as  a  leader  of  workmen.  A  decided,  but 
not  aggressive,  manner  of  passing  upon  questions  serves  to  inspire 
the  men  with  respect  for  the  foreman,  especially  if  such  decisions 
are  rendered  promptly,  and  they  prove  in  the  large  majority  of 
cases,  to  be  accurate.  Having  made  a  decision,  or  taken  a  decided 
stand  on  any  matter,  it  will  not  do  to  deviate  from  that  position, 
unless  it  is  so  clearly  wrong  as  to  be  apparent  to  the  casual  observer. 

Fairness,  dignity,  and  firmness  are  qualities  that  can  be  quite 
closely  defined;  but  tact  and  its  fellow  attribute,  executive  ability, 
are  rather  elusive  of  close  description.  They  are  of  the  inherited 
type  and  can  be  cultivated  only  to  a  very  limited  extent.  If  a  man 
does  not  possess  tact  and  executive  ability,  it  is  useless  for  him  to 
accept  a  position  w^here  they  are  essential,  in  the  belief  that  they 
will  develop  as  required. 

While  w^orkmen  are  supposed  to  be  paid  only  for  the  time 
spent  in  the  shop,  it  is  also  true  that  a  man's  value  cannot  be 
reckoned  entirely  by  the  quality  of  his  work  and  the  number  of 
hours  of  labor.  His  conduct  outside  the  factory  invariably  leaves 
its  impress  on  his  conduct  within  and  on  the  product  of  his  work. 
This  is  even  more  noticeable  in  the  case  of  a  foreman,  for,  although 
workmen  generally  would  deny  it,  they  do  not  and  cannot  have  a 
wholesome  respect  for  a  foreman  who  is  not  respected  by  the  com- 
munity. Men  will  say  they  do  not  care  what  a  foreman  is  outside 
the  shop;  but  their  better  nature  wnll  not  allow^  them  to  look  up  in 
any  sense  to  a  social  pariah. 

While  an  absolute  grasp  of  all  the  details  of  the  business, 
viewed  from  the  workman's  standpoint,  is  not  absolutely  necessary 
to  a  foreman  possessing  tact  and  executive  ability,  it  adds  greatly 
to  a  foreman's  prestige  to  be  able  literally  to  show  any  workman 
just  how  any  operation  should  be  performed. 

Just  a  word  in  illustration  of  tact  in  dealing  w^ith  men  of 
radically  different  temperaments.  The  blustering  workman,  so 
familiar  to  all  foremen,  can  be  best  controlled  by  a  very  quiet  and 
soft-spoken  superior,  especially  if  the  foreman  in  question  has  the 
reputation  of  firmness  and  fair  dealing.  The  quiet,  positive  state- 
ment, coupled  with  a  refusal  to  discuss  the  matter,  is  so  contrary 
to  the  blatant  workman's  usual  procedure,  that  it  takes  away  his 
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only  weapon  by  not  allowing  him  to  use  it.  On  the  other  hand, 
it  often  happens  that  the  quiet  man  of  few  words  can  be  spurred 
on  to  better  deeds  by  an  energetic  and  insistent  manner  on  the 
part  of  the  foreman.  Of  course,  this  all  goes  to  prove  the  fore- 
man's tact,  and  to  disprove  the  oft-repeated  statement  that  work- 
men should  all  be  treated  alike.  The  best  results  cannot  be 
obtained  in  this  manner.  Until  men  are  all  turned  out  in  the 
same  mould,  it  will  be  necessary  to  suit  the  treatment  to  the  tem- 
perament of  the  man. 

The  question  of  how  far  it  is  advisable  to  show  sympathetic 
nature,  is  one  of  grave  doubt.  Syni[)athy  does  not  mean  that 
excuses  are  to  be  taken  literally;  but  a  casual  inquiry  as  to  how 
the  sick  wife  or  baby  is  getting  along  shows  an  interest  outside  the 
commercial  relation  that  appeals  to  most  men.  Tlie  old  saw,  "  You 
catch  more  flies  with  molasses  than  you  do  with  vinegar",  has  an 
application  in  the  treatment  of  workmen  by  their  foreman. 

Another  question  which  has  more  than  one  answer,  is  whether 
it  is  better  to  have  a  foreman  promoted  from  the  ranks  or  to  get 
an  outside  man  for  the  position.  The  man  from  the  bench  is 
familiar  with  all  the  shop  traditions  and  practices,  and  can  keep 
things  going  with  hardly  a  break.  On  the  other  hand,  he  is  the 
victim  of  jealousy  and  spite,  and,  unless  exceptionally  well -poised, 
is  apt  to  assume  an  attitude  toward  his  former  shopmates  which 
might  be  termed  "dignity  gone  to  seed".  Every  youthful  indis- 
cretion is  remembered,  and  any  attempt  to  check  such  antics  on 
the  part  of  the  younger  men  is  held  to  be  an  unwarranted  assump- 
tion of  dignity.  On  the  whole,  the  attempt  to  promote  a  foreman 
from  the  floor  or  bench  is  fraught  with  difSculties;  and  many  a 
man  w-ho  would  have  made  an  excellent  foreman  in  another  shop, 
has  been  a  rank  failure  in  that  capacity  when  tried  among  his  old 
shop  associates.  The  foreman  taken  from  the  outside  stands  or 
falls,  as  far  as  the  workmen  are  concerned,  on  his  record  in  his 
new  position.  He  is  not  condemned  for  j)a8t  faults.  Further- 
more, he  should  be  able  to  bring  into  his  new  associations  some  of 
his  experience  in  former  situations  which  will  be  of  value  to  his 
new  employers.  It  is  an  infusion  of  new  blood  and  is  often  the 
means  of  discovering  leaks  and  weaknesses  not  noticeable  to  the 
old  employt^es. 
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A  foreman's  value  to  a  firm  depends  largely  on  his  knowledge 
of  the  capacity  and  limitations  of  each  man  under  him.  This 
knowledge  enables  him  to  lay  out  his  work  to  the  best  advantage, 
as  he  knows  the  man  who  is  quick,  the  man  who  is  accurate,  and 
the  man  who  can  be  trusted  to  carry  along  detail  or  experimental 
work.  To  keep  a  man  up  to  his  best  pace,  to  have  new  work  laid 
out  for  him  in  advance,  and  to  keep  that  man  satisfied  with  his 
work  and  wages,  is  a  task  that  taxes  the  ingenuity  of  the  best  of 
foremen.  The  matter  of  re])airs,  especially  those  of  a  petty  nature, 
is  one  which  tests  a  foreman's  commercial  sense  more  than  the 
regular  run  of  work  do(»8.  As  an  exam])le,  suppose  that  the  fric- 
tion on  a  countershaft  slips;  siiall  the  oiler  be  sent  for  while  the 
machine  operator  waits;  shall  tlie  workman  fix  it  himself;  or 
shall  the  man  be  transferred  to  'mother  machine  while  the  repair 
work  is  going  on?  Of  course,  this  all  depends  on  the  nature  and 
degree  of  the  difficulty;  but  it  aifords  an  opportunity  for  quick 
and  accurate  judgment  on  the  ])art  of  the  foreman,  and  demon- 
strates his  fitness  to  cope  with  emergencies. 

An  article  of  this  character  should  not  be  closed  without 
a  reference  to  that  old-time  figure,  the  '^working  foreman".  Do 
not  all  machinists  of  mature  aw  remember  how  the  foreman 
would  walk  down  the  shop  with  a  piece  of  work  and  a  file  in  his 
hand,  filing  as  he  went?  Even  in  these  days  of  strenuous  compe- 
tition, we  sometimes  see  an  advertisement  for  a  '''  working  fore- 
man". It  is  preposterous  to  think  that  a  foreman  can  properly 
supervise  the  operations  of  more  than  a  dozen  men,  and  do  any 
work  that  calls  for  close  attention.  Many  firms  insist  on  this 
practice,  however,  and  are  daily  losing  money  by  its  continuance. 
A  foreman  should  be  devoting  his  energies  to  the  development  of 
better  methods  of  manufacture,  and  not  to  the  production  of  work 
that  could  be  performed  by  one  of  the  machinists. 

And  so  we  leave  the  ideal  foreman,  not  yet  discovered,  not 
even  closely  defined,  but  anxiously  awaited  and  badly  needed. 


REVIEW    QUESTIONS. 


PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  a£ford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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The  drawings  made  in  accordance  with  the  problems  below 
should  be  traced  in  ink  on  tracing  cloth  18  by  24  inches  in  sizOi 
and  having  a  border  line  i  inch  inside  the  edge  of  the  paper. 

PROBLEMS. 

1.  Suppose  a  30-inch  pulley  is  substituted  for  the  42-inch 
in  the  problem  given,  and  that  the  pulley  on  the  motor  remains 
lOJ  inches  as  before,  how  fast  must  the  motor  run  to  give  the  rope 
the  same  speed,  150  feet  per  minute  ? 

2.  Will  the  horsepower  of  the  motor  be  changed  with  this 
new  condition  ?     Explain  fully. 

3.  Calculate  the  width  of  double  belt  for  above  condition. 

4.  What  is  the  torque  on  the  motor  shaft  for  above  condition? 

5.  Calculate  the  size  of  shaft  in  the  small  pulley  for  above 
condition. 

6.  Calculate  the  size  of  shaft  in  the  30-inch  pulley  for  above 
condition. 

7.  Design  and  draw  both  pulleys  for  above  condition,  mak* 
ing  complete  working  drawings,  and  giving  all  calculations  in  full. 

8.  Taking  the  original  problem  as  given  in  the  text,  suppose 
it  is  desired  to  increase  the  large  gear  to  45  inches  diameter,  cal* 
culate  the  load  on  the  tooth,  and  a  suitable  pitch  and  face  to  take 
this  load. 

9.  How  many  teeth  must  the  pinion  have  to  give  the  same 
speed  of  rope,  150  feet  per  minute,  assuming  that  the  motor 
runs  470  revolutions  per  minute,  for  condition  in  Problem  8  ? 

10.  Calculate  the  bore  of  pinion  for  this  case. 

11.  Design  and  draw  the  gears  for  the  conditions  of  Prob* 
iems  8  and  9,  giving  all  calculations  in  full. 


491 


MACHINE  DESIGN 


12.  When  there  is  but  3,000  pounds  on  the  rope,  what  are 
the  tensions  in  each  end  of  the  brake  strap,  assuming  that  the  size 
of  drum  and  other  conditions  remain  the  same  ? 

13.  How  much  pressure  on  the  foot  lever  would  it  take  to 
hold  this  load  of  3,000  pounds  on  the  rope  ? 

14.  Suppose  we  put  a  bearing  9  inches  long  on  the  drum 
shaft;  the  distance,  center  to  center  of  bearings,  would  then  be  H 
feet  8|  inches,  gears,  drum,  brake,  and  load  being  same  as  in  the 
original  problem  of  the  text.  Calculate  the  diameter  of  the  drum 
shaft. 

15.  Suppose  the  height  of  bracket,  center  to  base,  to  be  15 
inches;  length  and  diameter  of  bearing,  as  in  Problem  14;  and  that 
we  use  a  separate  bracket  for  the  drum  bearings,  not  connected 
with  the  pin  ion -shaft  bearings.     Design  and  draw  such  a  bracket. 

16.  Calculate,  design,  and  draw  all  the  parts  for  a  machine 
similar  to  that  of  the  text,  from  the  following  data: 

Load  on  rope 4,000  pounds. 

Speed  of  rope 175  feet  per  minute. 

Length  of  rope  to  be  reeled  in  ...  .  250  feet. 

Note.  Problems  12,  13  and  15  are  comparatively  simple,  following 
oloeely  the  steps  of  the  text  in  their  solution. 

Problem  16,  likewise,  is  supposed  to  bo  worked  out  on  the  same  lines  as 
the  text,  but  is  wholly  original  in  its  nature,  being  based  on  entirely  new  data. 
It  is  not  expected  that  this  problem  will  be  attempted  except  by  well-advanced 
students  who  can  give  considerable  time  to  working  it  out  completely.  It  will 
be  found,  however,  an  excellent  exercise  in  original  and  yet  simple  design. 
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1.     What  are  some  of  the  causes  of  warping  in  lumber? 

2a.  When  is  metal  used  for  pitterns? 

2/>.    Why  is  metal  better  than  wo(xl? 

'A.     Why  should  pl(»nty  of  oil  b(*  us(»d  on  an  oil-stom*? 

4.  Explain  with  sketch  the  mt^thod  used  in  casting  a  small 
hollow  cylinder. 

5.  For  what  parts  of  the  pittem  must  the  shrinkage  nile 
be  used? 

6.  Is  the  draft  always  the  same  on  all  parts  of  a  pattern? 

7.  What  is  the  usual  allowance  for  finish  on  small  cijstings? 

8.  When  must  a  greater  amoimt  be  allowed? 

9.  Under  what  conditions  will  a  seasonal  board  warj)? 

10.  What  wood  is  most  commonly  used  in  pattern  making? 

11.  Explain  the  difference  in  the  manner  in  which  saws  cut 
when  ripping  and  when  crosscutting. 

12.  In  what  direction  should  the  grindstone  revolve  when 
grinding  scraping  tools  or  other  tools  having  a  short  bevel? 

13.  When  is  dry  parting  sand  used? 

14.  Should  a  shrinkage  rule  be  used  when  making  a  core  box? 

15.  Why    must    the    jmttem    maker    know    something    of 
Mechanical  Drawing? 

16.  When  it  is  necessary  to  use  a  wide  piece  for  a  pattern, 
how  may  the  tendency  to  warp  be  counteracted?    Make  sketch. 

17.  Explain  the  use  of  the  cap-iron  of  a  plane. 
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18.  What  portion  of  the  skew  chisel  does  the  cutting? 

19.  What  is  meant  by  shrinkage  in  pattern  making? 

20.  How  are  the  exact  proportions  of  shrinkage  obtained  for 
different  parts  of  the  pattern? 

21a.  What  is  the  nsnal  proportion  of  draft  to  each  twelve 
inches  of  surface  on  the  face  of  a  pattern  for  a  cast-iron  pulley? 

21J.  What  proportions  on  the  inside  of  the  rim  and  on  the 
hub? 

22.  When  is  it  necessary  to  ii8(^  mahogany,  cherry  or  maple 
for  patterns? 

23.  What  is  lead  in  a  plane-iron,  aiul  what  determines  the 
amount? 

24.  Explain  the  use  of  a  flask  in  moulding,  and  describe  the 
two  principal  parts. 

25.  What  allowance*  must  b<*  made  on  the  pattern  for 
shrinkage  when  the  casting  is  to  be  made  of  iron  ? 

26.  Explain  what  is  meant  by  draft  in  pattern  making. 

27.  How  should  lumber  for  patterns  be  seasoned? 

28.  When  a  large  piece  is  to  be  used  for  turning,  should  it  be 
cut  from  a  plank  of  the  required  thickness  or  glued  up  out  of 
thinner  stock?    Give  reasons  for  answer. 

29.  Explain  the  methods  of  grinding  the  brad-awl  and  the 
advantages  of  each  method. 

30.  Explain  the  use  of  core  prints. 

31.  What  is  the  allowance  for  shrinkage  of  brass? 

32.  What  are  the  usual  allowances  for  draft? 

33.  What  is  meant  hy  finish  in  pattern  making? 

34.  When  gluing  up  pattern  stock,  how  is  the  pressure 
necessary  to  bring  the  glued  surfaces  in  close  contact  usually 
obtained? 
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1.  What  are  rapping  plates? 

2.  Describe  the  prcx;ess  of  gluing  two  thin  pieces  having 
large  surfaces. 

3.  How  is  end  wood  treated  if  it  is  to  be  glued  to  other  wood? 

4.  Explain  why  the  upper  core  print  sometimes  has  excessive 
draft,  while  the  lower  has  but  little  draft. 

5.  What  are  fillets,  and  where  are  they  used  on  patterns? 

6.  Give  the  dimensions  for  the  arms  of  a  six-arm  pulley  40 
inches  in  diameter  and  12-inch  face:  (a)  Width  and  thickness  at 
hub.     (b)  Width  and  thickness  at  rim. 

7.  The  pulley  mentioned  in  Question  6  is  to  be  fitted  to  a 
shaft  2i^  inches  in  diameter,  (a)  What  should  be  the  diameter  of 
the  hub?    (b)  What  should  be  the  length  of  hub? 

8.  What  is  a  follow  board,  and  when  is  its  use  necessary? 

9.  A  pair  of  tight  and  loose  pulleys  12  inches  in  diameter 
and  6i  inches  width  of  face,  are  to  be  fitted  to  a  IH  ii^ch  snaft. 
(a)  Give  diameter  of  the  hub.    (b)  Give  length  of  hub. 

10.  What  must  be  the  outside  diameter  of  the  original  wooden 
pattern  for  the  rim  of  a  pulley  with  six  arms,  the  diameter  of  the 
finished  pulley  to  be  30  inches  and  the  width  of  face  9  inches? 

11.  (a)  In  the  above  pulley  what  should  be  the  width  and 
thickness  of  the  arms  at  the  rim?  (b)  What  should  be  the  width 
and  thickness  of  the  arms  at  the  hub? 

12.  What  are  coreprmU  and  when  do  they  form  a  neoeasary 
part  of  a  pattern? 

13.  How  are  the  two  parts  of  a  parted  pattern  held  together 
for  turning?    Q-ive  two  methods. 
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14.  What  are  the  proportions  of  alcohol  and  shellao  g^um  for 
pattern  maker's  shellac  varnish  ? 

15.  Is  it  always  necessary  to  make  a  pattern  in  two  parts? 

16.  How  is  colored  shellac  varnish  made?  (a)  How  is  black 
made?    (b)  How  red? 

17.  Give  a  sketch,  including  all  dimensions,  of  the  pattern  for 
a  plain  brass  cylinder  which  is  to  be  finished  "all  over,"  the 
finished  sizes  being  6  inches  long,  4  inches  outside  diameter,  and 
3^^  inches  inside  diameter.  All  shrinkage  rule  measurements, 
allow  A  inch  for  finish. 

18.  What  is  a  core  box,  and  for  what  purpose  is  it  used? 

19.  What  is  used  to  give  a  hard,  smooth  surface  to  a  com- 
pleted pattern? 

20.  What  color  should  be  used  for  the  inside  of  a  core  box? 

21.  How  can  the  pattern  for  a  small  hollow  cylinder  be 
moulded  if  made  in  one  piece,  (not  parted)? 

22.  Why  are  core  prints  shellaced  in  a  different  color  from  the 
body  of  the  pattern? 

23.  What  are  dowel  pijut^  and  why  are  they  used  in  a  parted 
pattern? 

24.  How  long  a  time  should  each  coat  of  shellac  have  for  dry- 
ing before  another  coat  is  applied? 

25.  Give  sketch  showing  shape  and  dimensions  of  core  box 
for  pattern  mentioned  in  Question  17. 

26.  It  is  required  to  make  the  pattern  for  a  five-arm  15-inch 
hand-wheel,  the  rim  and  hub  of  which  are  to  be  turned  and 
finished.  The  finished  diameter  of  the  round  rim  is  to  be  1§  inches, 
and  of  hub  2\  inches.  Allowing  iV  inch  for  finish,  give  all  dimen- 
sions for  the  wooden  i)attem,  including  width  and  thickness  of 
arms  at  the  rim  and  at  the  hub. 

27.  Give  a  sketch  and  all  dimensions  (shrinkage  rule  measure- 
ments) of  the  pattern  for  a  cast-iron  cylinder  having  a  projecting 
flange,  on  each  end  (see  Fig.  149),  the  cylinder  to  be  bored  out  and 
finished  all  over,  the  finished , sizes  being  as  follows:  Length  ? 
inches,  diameter  of  flanges  5^  inches,  thickness  of  flanges  §  inch, 
the  diameter  of  the  body  of  the  cylinder  outside  4  inches,  and 
ihside  3 J  inches,  allowing  ^  inch  for  finish. 

28.  Can  the  above  wttern  be  moulded  without  being  parted? 
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29.  What  is  necessary  after  a  coat  of  shellac  is  dry  before 
applying  another? 

30.  The  pattern  referred  to  in  Question  17  could  be  made  to 
form  its  own  core.  Give  sketch  including  all  dimensions  for  such 
a  pattern. 

31.  Taking  the  moulder's  time  into  consideration  which  is  the 
better  forpi  for  this  pattern,  solid  or  parted?    Why? 

32.  Name  the  objections,  if  any,  to  casting  the  above  cylinder 
in  this  way. 

33.  Give  sketch  and  dimensions  of  core  box  for  the  cast-iron 
cylinder  mentioned  in  Question  27. 


407 


REVIEW    QUESTIONS 


OM*       XUE       ST7B.TEOT       OV* 


FOUNI>RY    WORK. 


1.  What  is  the  meaning  of  the  term  ^'  wrought  iron  "  ? 

2.  What  is  a  flux  ?     When  is  it  iised  ? 

3.  What  is  the  difference  between  the  cope  and  drag? 

•1.  What  is  the  weight  of  a  cast-irou  plate  16  inches  square 
and  2  inches  thick  with  a  hole  3  inches  in  diameter  thi-ough  the 
center?  Ana.  129.79  pounds. 

5.  What  is  loam  ? 

6.  How  are  cores  dried  ? 

7.  How  is  blacking  applied  to  a  mold? 

8.  Why  should  a  fieshly  daubed  ladle  be  dried  before 
using? 

9.  What  grade  of  pig  iron  contains  the  largest  propor- 
tion of  combined  carbon  relatively  to  the  whole  amount  in  the 
iron? 

10.  What  is  the  ordinary  method   by  which  castings  are 

hardened? 

11.  What  are  chaplets  ? 

12.  What  are  risers  ? 

18.  How  are  the  arms  of  large  gears  usually  moulded  ? 

14.  Why  are  large  gears  and  wheels  usually  cast  in  sections? 

16,  To  what  depth  does  the  chill  in  castings  extend? 
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16.  Under  what  circumstances  are  loam  moulds  ordinarily 
used? 

17.  What  should  be  the  diameter  of  the  shell  of  a  cupola  24 
inches  in  diameter? 

18.  What  is  the  bed  of  a  charge? 

19.  What  is  the  best  material  from  which  to  make  flasks? 

20.  What  is  the  upward  pressure  on  a  cope  where  there  are 
three  surfaces  of  16,  36  and  48  square  inches  submerged  respec 
tively  to  the  depths  of  15  inches,  10  inches  and  18  inches? 

Ans.  379  pounds  approx. 

21.  What  is  the  most  common  form  of  dry  sand  moulding? 

22.  What  is  a  cope  ? 

23.  What  effect  does  the  point  at  which  the  metal  enters 
the  mould  have  upon  the  pressures  exerted,  by  the  molten  metal  ? 

24.  What  is  the  difference  in  appearance  between  gi-aphitic 
and  combined  carbon  in  pig  iron  ? 

25.  What  effect  does  manganese  have  upon  the  quality  of 
iron? 

26.  What  is  the  object  of  using  a  follow  board? 

27.  What  kind  of  cores  are  used  for  columns  ? 

28.  How  is  the  full  width  of  face  for  a  pulley  obtained? 

29.  What  is  the  object  of  using  a  contracting  chill? 

30.  How  are  loam  moulds  built? 

31.  What  should  be  the  height  of  a  cupola  that  is  44  inches 
in  diameter  ? 

32.  What  is  the  pressure  upon  the  bottom  of  a  mould  24 
inches  below  the  surface  of  the  gate,  the  area  being  5  feet  square  ? 

Ans.  22,524.48  pounds. 

33.  What  is  the  condition  of  the  first  iron  that  flows  from 
the  spout  after  putting  on  the  blast? 

34.  What  effect  does  chilling  have  upon  the  metal  of  a 
casting  ?  ^ 

85.  How  should  a  mould  with  no^il  cores  and  passages  be 
poured? 

36 .     What  effect  does  silicon  have  upon  the  quality  of  iron  ? 

87.  What  are  the  ordinaiy  methods  that  are  employed  for 
oleaning  castings  ? 
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38.  What  is  the  object  of  feeding  a  mould? 

39.  At  what  point  is  the  metal  usually  poured  into  a  pulley- 
mould? 

40.  What  is  the  chief  characteristic  of  a  good  chilling  iron  ? 

41.  In  what  way  are  loam  moulds  dried,  other  than  in  a 
core  oven  ? 

42.  What  is  the  first  work  to  be  done  in  the  preparation  of 
the  cupola  for  melting? 

43.  What  thickness  of  sand  should  be  left  about  the  cavities 
of  a  mould  ? 

44.  What  is  the  weight  of  a  cast  iron  ball  12  inches   in 
diameter?  Ans,  235.87  pounds. 

45.  How  many  grades  of  foundry  irons  are  there  ? 

46.  What  effect  does  phosphorus  have  upon  the  quality  of 
iron? 

47.  What  portion  of  a  three-part  flask  is  called  the  ''  cheek  "  ? 

48.  How  is  the  pattern  for  the  spokes  of  a  pulley  placed  in 
the  mould  ? 

49.  How  many  coats  of  loam  are  usually  applied  in  making 
a  loam  core  ? 

50.  What  should  l)e  the  diameter  of  the  shell  of  a  cupola 
which  is  44  inches  ui  diameter  inside  the  lining? 

51.  How  are  the  two  parts  of  a  flask  made  to  register  accu- 
rately when  brought  together  after  the  pattern  has  been  removed  ? 

52.  Of  what  are  cores  made? 

53.  What  is  the  object  of  using  blacking  ? 

54.  What   effect   does   sulphur  have   upon  the  quality  of 
iron? 

55.  What  classes  of  castings  can  be  made  in  open  sand? 

56.  How  are  pipes  usually  cast ?     Why? 

57.  What  is  skinning  loam? 

58*     What  is  the  weight  of  a  oast  iron  plate  1|  inches  thick 
'  and  in  the  form  of  a  trapezoid  of  the  following  dimensions ;  parallel 
sides  18  inches  and  12  inches  long  respectively ;  pei^endicular  dis- 
tance between  parallel  sides  9  inches?  Ans.  61.59  pounds. 

59.     With  what  class  of  pig  iron  can  the  largest  quantity  of 
scrap  be  used? 
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60.  How  are  large  gears  usually  moulded? 

61.  What  is  the  object  of  annealing  chilled  castings? 

62.  What  should  be  the  total  area  of  the  tuyeres  in  a  cupola: 
(a)  32  inches  in  diametei-;  (6)  48  inches  in  diameter;  (c)  66 
inches  in  diameter? 

63.  What  is  the  weight  of  a  cast  iron  plate  1^  inches  thick 
m  the  form  of  an  equilateral  triangle,  each  of  whose  sides  measures 
16  inches?  Ans.  43.35  pounds. 

()4.      How  should  a  large  mould  of  heavy  section  be  poured? 

65.  What  means  should  b(»  taken  to  avoid  weakening  cast- 
ings where  changes  of  direction  occur  in  the  surfaces? 

66.  How  is  a  pulley  to  ]ye  moulded  whose  face  is  to  be  less 
than  that  of  the  pattern  from  which  it  is  made  ? 

67.  W^hat  are  some  of  tiie  more  cohimon  of  the  impurities 
contained  in  pig  iron  ? 

GS,  What  is  the  upward  pressure  on  a  cope  where  thei^e  are 
two  surfaces  of  90  scjuare  inches  and  1  square  foot,  submerged  18 
and  21  inches  respectively  below  the  surface  of  the  metal? 

Ans.  1210.69  pounds. 

69.  How  are  the  ])art8  of  a  Hask  held  in  position  when  the 
metal  is  being  poured  ? 

70.  When  is  a  thi-ee-part  Hask  used? 

71 .  When  is  a  loam  mould  in  the  best  condition  for  blacking? 

72.  How  is  sand  prepared  for  moulding? 

73.  What  is  the  principal  foreign  element  in  pig  iron? 

74.  How  are  gears  moulded  where  a  full  pattern  is  provided? 

75.  What  properties  should  sharp  sand  possess? 

76.  What  should  be  the  height  of  a  cupola  that  is  56  inches 
in  diameter? 

77.  What  is  the  object  of  blacking  a  core  ? 

78.  Wliat  is  the  upward  pressure  on  a  cope  where  the 
exposed  surface  is  2  square  feet  and  the  depth  19  inches? 

Ans.  1426.55  pounds. 

79.  What  is  the  smallest  number  of  teeth  that  should  be 
placed  hi  a  sectional  gear  i)attern  ? 
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80.  What  flhoold  be  the  principal  ingredients  composing 
moolding  sand? 

81.  What  precautions  must  be  taken  in  cooling  citings? 

82.  What  kind  of  moulding  is  most  practiced  ? 

88.  Why  is  hay  rope  used  on  loam  cores  ? 

84.  What  grade  of  iron  contains  the  largest  proportion  of 

graphitic  carbon  ? 
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1.  Why  is  a  piece  of  metal  nicked  in  order  to  break  it 
when  cold  ? 

2.  What  Ls  the  weight  of  a  bar  of  flat  iron  ^  inch  thick, 
2  inches  wide  and  13  feet  6  inches  long? 

3.  What  length  of  3-inch  round  iron  must  be  cut  off  to 
make  a  truncated  cone  having  a  bottom  diameter  of  8  inches,  a 
top  diameter  of  2  inches  and  a  height  of  8  inches? 

4.  What  is  the  welding  color  for  laying  steel  upon  iron? 

5.  What  is  the  difference  between  drop  forging  and 
pressing? 

6.  What  is  the  best  form  of  weld  for  heavy  shafts? 

7.  What  effect  does  hammering  have  upon  iron  and  steel 
when  properly  done  ? 

8.  How  is  the  blast  created  for  a  forge  ? 

9.  What  is  the  use  of  a  swage  and  flatter  ? 

10.  What  is  the  scale,  and  how  is  it  formed? 

11.  Describe  the  process  of  brazing. 

12.  How  are  the  heavy  pieces  usually  handled  under  the 
hammer  ? 

13.  What  is  meant  by  the  critical  temperature  of  steel? 

14.  What  air  pressures  are  used  for  the  blast? 
16.     Tell  what  you  can  of  casehardening. 

16.  How  should  metal  be  piled  on  a  shingle  for  fagotting? 

17.  What  is  the  weight  of  a  wrought-iron  plate  |  inch  thick, 
24  inches  long  and  10  inches  wide  ? 

18.  What  will  be  the  length  of  a  bar  of  iron  at  a  tempera- 
ture of  1050^  F.  if  it  is  6  feet  3  inches  long  at  60^  ? 
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19.  What  is  the  controlling  factor  in  fixing  the  temperature 
to  which  steel  can  be  heated  without  injury? 

20.  What  is  the  best  fuel  to  be  used  in  a  reverberatory 
furnace  ? 

21.  How  does  steel  differ  from  cast  and  wrought  iron? 

22.  Does  water  in  itself  tend  to  promote  combustion  in  a 
forge  fire  ? 

23.  What  will  be  the  len^a  of  a  spike  made  from  a  bar  2 
inches  in  diameter  and  G  inches  long?  The  spike  to  be  in  the 
form  of  a  cone  2  inches  in  diameter  at  the  l)ase. 

24.  Describe  drop  forging. 

25.  Below  what  temperature  should  the  hammering  not  be 
carried  when  making  a  forging  ? 

26.  How  does  a  cold-shut  injure  a  piece  of  metal  ? 

27.  Which  can  be  heated  to  the  hiirher  temperatui*e  without 
injury,  iron  or  steel  ? 

28.  What  is  the  difference  in  the  effec^t  between  plunging 
red  hot  steel  into  oil  and  water? 

29.  How  should  the  scale  be  removed  from  a  forging  during 
the  several  stages  of  its  completion  ? 

30.  What  is  the  weight  of  a  bar  of  round  iron  1|  inches  in 
diameter  and  9  feet  10  inches  long  ? 

81.  What  will  be  the  final  lengtli  of  a  bar  of  iron  4  inches 
in  diameter  and  2  feet  long,  that  has  lH*en  drawn  down  to  a  diam- 
eter of  2  inches  for  a  finished  length  of  2  feet?  The  bar  will 
thus  be  4  inches  in  diameter  with  one  end  2  inohes  in  diameter  for 
a  length  of  2  feet. 

32.  What  precaution  should  be  taken  when  locating^  the 
welds  of  heavy  shafts  ? 

33.  What  effect  does  increase  of  the  carbon  in  steel  have 
upon  the  welding  of  the  metal  ? 

34.  What  are  the  fluxes  used  with  iron  and  steel? 

35.  How  does  a  reverberatory  furnace  differ  from  the 
ordinary  forge  ? 

36.  What  materials  are  used  for  casehardening? 

37.  What  portion  of  a  marine  engine  shaft  is  subjected  to 
the  heaviest  stresses  ? 

88.     What  are  the  principal  tools  used  for  heavy  forging  ? 
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89.  What  is  the  weight  of  a  wrought  iron  shaft  12  inches 
in  diameter  and  10  feet  long  having  a  hole  5  inches  in  diameter 
along  its  axis  ? 

40.  What  should  be  the  properties  of  a  good  blacksmith 
i^oal  ? 

41.  What  is  the  common  temperature  at  which  iron  and 
ste(»l  are  worked  ? 

42.  What  is  the  object  of  using  a  flux  in  welding  ? 

43.  How  should  the  hammering  of  along  shaft  be  done? 
That  is,  how  should  the  blows  be  distributed  ? 
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